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2344606 

WELLBORE CASING 
Crass Reference To Belated Applications 
This application claims the benefit of the filing date of ILS. Provisional 
Patent Application Serial Number 60/111,293, attorney docket number 25791.3, 
filed on 12/7/1998, the disclosure of which is incorporated herein by reference. 
Background of the Invention 
This invention relates generally to wellbore casings, and in particular to 
wellbore casings that are formed using expandable tubing. 

Conventionally, when a wellbore is created, a number of casings are 
5 installed in the borehole to prevent collapse of the borehole wall and to prevent 
undesired outflow of drilling fluid into the formation or inflow of fluid from the 
formation into the borehole. The borehole is drilled in intervals whereby a casing 
which is to be installed in a tower borehole interval is lowered through a previously 
installed casing of an upper borehole interval. As a consequence of this procedure 
10 the rasing of the lower interval is of smaller diameter than the casing of the upper 
interval. Thus, the casings are in a nested arrangement with casing diameters 
decreasing in downward direction. Cement annuli are provided between the outer 
surfaces of the r«pmgg and the borehole wall to seal the casings from the borehole 
wall. As a consequence of this nested arrangement a relatively large borehole 
15 diameter is required at the upper part of the wellbore. Such a large borehole 
diameter involves increased costs due to heavy casing handling equipment, large 
drill bits and increased volumes of drilling fluid and drill cuttings. Moreover, 
increased drilling rig time is involved due to required cement pumping, cement 
hardening, required equipment changes due to large variations in hole diameters 
20 drilled in the course of the well, and the large volume of cuttings drilled and 
removed. 

The present invention is directed to overcoming one or more of the 
limitatio ns of the existing procedures for forming new sections of casing in a 
wellbore. 

25 Summary of the Invention 

According to one aspect of the present invention, a method of forming a 
wellbore casing is provided that includes installing a tubular liner and a mandrel 



in the borehole, iiyeding fluidic material into the borehole, and radially expanding 
the li ner in the borehole by extruding the liner off of the mandrel 

According to another aspect of the present invention, a method of forming 
a wellbore casing is provided that includes drilling out a new section of the 
S borehole adjacent to the already existing casing. A tubular liner and a mandrel are 
then placed into the new section of the borehole with the tubular liner overlapping 
an already existing casing. A hardenable fluidic sealing material is injected into 
an annular region between the tubular liner and the new section of the borehole . 
The annular region between the tubular liner and the new section of the borehole 
10 is thai fluidicly isolated from an interior region of the tubular liner below the 
mandrel A non hardenable fluidic material is then injected into the interior 
region of the tubular liner below the mandrel The tubular liner is extruded off of 
the mandr el The overlap between the tubular liner and the already existing 
casing is sealed. The tubular liner is supported by overlap with the already 
15 existing casing. The mandrel is removed from the borehole. The integrity of the 
seal of the overlap between the tubular liner and the already existing casing is 
tested. At least a portion of the second quantity of the hardenable fluidic sealing 
material is removed from the interior of the tubular liner. The remaining portions 
of the fluidic hardenable fluidic sealing material are cured. At least a portion of 
20 cured fluidic hardenable sealing material within the tubular liner is removed. 

According to another aspect of the present invention, an apparatus for 
expanding a tubular member is provided that includes a support member, a 
mandrel, a tubular member, and a shoe. The support member includes a first fluid 
passage. The mandrel is coupled to the support member and includes a second 
25 fluid passage. The tubular member is coupled to the mandrel The shoe is coupled 
to the tubular liner and includes a third fluid passage. The first, second and third 
fluid passages are operably coupled. 

According to another aspect of the present invention, an apparatus for 
expanding a tubular member is provided that includes a support member, an 
30 expandable mandrel, a tubular member, a shoe, and at least one sealing member. 
The support member includes a first fluid passage, a second fluid passage , and a 
flow control valve coupled to the first and second fluid passages. The expandable 
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mandrd is coupled to the support member and i nclu de s a third fluid passage. The 
tubular member is coupled to the mandrel and includes one or more sealing 
elements. The shoe is coupled to the tubular member and includes a fourth fluid 
passage. The at least one sealing member is adapted to prevent the entry of 
5 foreign material into an interior region of the tubular member. 

According to another aspect of the present invention, a method of joining 
a second tubular member to a first tubular member, the first tubular member 
having an inner diameter greater than an outer diameter of the second tubular 
member, is provided that includes positioning a mandrel within an interior region 
10 of the second tubular member. A portion of an interior region of the second 
tubular member Is pressurized and the second tubular member is extruded off of 
the mandrel into engagement with the first tubular member. 

According to another aspect of the present invention, a tubular liner is 
provided that inc lud es an annular member having one or more sealing members 
15 at an end portion of the annular member, and one or more pressure relief passages 
at an end portion of the annular member. 

According to another aspect of the present invention, a wellbore casing is 
provided that includes a tubular liner and an «mnnl«i» body of a cured fhiidic 
sealing material The tubular liner is formed by the process of extruding the 
20 tubular liner off of a mandrel 

According to another aspect of the present invention, a tie-back liner for 
lining an existing wellbore casing is provided that includes a tubular liner and an 
annular body of cured fluidic Tutorial The tubular liner is formed by the 

process of extruding the tubular liner off of a mandrel The annular body of a 
25 cured fluidic sealing material is coupled to the tubular liner 

According to another aspect of the present invention, an apparatus for 
expanding a tubular member is provided that inchidftfl a support member, a 
mandrel, a tubular member and a shoe. The support member includes a first fluid 
passage. The mandrel is coupled to the support member. The mandrel includes 
30 a second fluid passage operably coupled to the first fluid passage, an interior 
portion, and an exterior portion. The interior portion of the mandrel is drillable. 
The tubular member is coupled to the mandrel The shoe is coupled to the tubular 
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member. The shoe includes a third fluid passage operabry coupled to the second 
Quid passage, an interior portion, and an exterior portion. The interior portion of 
the shoe is drillabk. 
Brief Description of the Drawings 
5 FIG. 1 is afragmentery cross^ectional view illustrating the drilling of a new 

section of a well borehole. 

FIG. 2 is afragmentary cross-sectional view illustrating the placement of an 
embodiment of an apparatus for creating a casing within the new section of the 
well borehole. 

10 FIG. 3 is a fragmentary cross-aectional view illustrating toe injection of a 
firsto^tityrfahardenijblefluidk 

well borehole. 

nG.3aisanotbBr fragmentary cross-s^ 
of a first quantity of a hardenable fluidic sealing material into the new section of 

15 the well borehole. 

FIG. 4 is a fragmentary cross-sectional view illustrating the injection of a 
second quantity of a hardenable fluidic sealing material into the new section of the 
well borehole. 

FIG. 5 is a fragmentary cross-eectional view illusttatiiigtbadrulingoutof 
20 a portion of the cured hardenable fluidic sealing material from the new section of 
the well borehole. 

FIG. 6 is a cross-sectional view of an embodiment of the overlapping joint 

between adjacent tubular members. 

FIG. 7 is a fragmentary cross-sectional view of a preferred embodiment of 
25 the apparatus for creating a casing within a well borehole. 

FIG. 8 is a fragmentary cross-sectional illustration of the placement of an 
expanded tubular member within another tubular member. 

FIG. 9 is a cross-sectional illustration of a preferred embodiment of an 
apparatus for forming a casing induding a drillable mandrel and shoe. 
30 FIG. 9a is another cross-sectional illustration of the apparatus of FIG. 9. 
FIG. 9b is another cross-sectional illustration of the apparatus of FIG. 9. 
FIG. 9c is another cross-sectional illustration of the apparatus of FIG. 9. 
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FIG. 10a is a cross-sectional illustration of a wellbore including a pair of 
acfrjacent uv^rlapping casings. 

FIG. 10b is a cross-sectional illustration of an apparatus and method for 
creating a tie-back liner using an expandable tubular member. 
5 FIG. 10c is a cross-sectional illustration of the pumping of a fluidic sealing 

material into the annular region between the tubular member and the existing 
casing. 

FIG. lOd in a cross-sectional illustration nf t>w pressurizing of the interior 
of the tubular member below the mandrel 
10 FIG. lOe is a cross-sectional illustration of the extrusion of the tubular 
member off of the mandrel. 

FIG. lOf is a cross-sectional illustration o 
out the shoe and packer. 

FIG. lOg is a cross-sectional illustration of the completed tie-back liner 
IS created using an expandable tubular member. 

FIG. 11a is a fragmentary cross-sectional view illustrating the drilling of a 
new section of a well borehole. 

FIG. lib is a fragmentary cross-sectional view illustrating the placement of 
an embodiment of an apparatus for hanging a tubular liner within the new section 
20 ofthe well borehole. 

FIG. 11c is a fragmentary croesnaectbnal viewfflu^ 
a first quantity of a harrienahle flnidic sealing material into the new section ofthe 
well borehole. 

FIG. 1 Id is a fragmentary cross-sectional view illustrating the introduction 
25 of a wiper dart into the new section ofthe well borehole. 

FIG. lie is a fragmentary cross-sectional view illustrating the injection of 
a second quantity of a hardenable Quidic sealing material into the new section of 
the well borehole. 

FIG. llf is a fragmentary cross-sectional view Illustrating the completion 
30 of the tubular liner. 
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Detailed Description of the Hhntrattve Embodiments 

An apparatus and method for forming a wellbore casing within a 
subterranean formation is provided. The apparatus and method permits a 
wellbore casing to be formed in a subterranean formation by placing a tubular 
5 member and a mandrel in a new section of a wellbore, and then extruding the 
tubular member off of the mandrel by pressurising an interior portion of the 
tubular member. The apparatus and method further permits adjacent tubular 
members in the wellbore to be joined using an overlapping joint that prevents fluid 
and or gas passage. The apparatus and method further permits a new tubular 

10 member to be supported by an existing tubular member by expanding the new 
tubular member into engagement with the g*»gfcfag tubular member. The 
apparatus and method ftirther minimizes the reduction in the hole size of the 
wellbore casing necessitated by the addition of new sections of wellbore casing. 
An apparatus and method for forming a tie-back liner using an expandable 

15 tubular member is also provided. The apparatus and method permits a tie-back 
liner to be created by extruding a tubular member off of a mandrel by pressurizing 
and interior portion of the tubular member. In this manner, a tie-back liner is 
produced. The apparatus and method further permits adjacent tubular members 
in the wellbore to be joined using an overlapping joint that prevents fluid and/or 

20 gas passage. The apparatus and method farther permits a new t ubul a r member 
to be supported by an existing tubular member by expanding the new tubular 
member into engagement with the pristing tubular member. 

An apparatus and method for expanding a tubular member is also provided 
that includes an expandable tubular member, mandrel and a shoe. In a preferred 

25 embodiment, the interior portions of the apparatus is composed of materials that 
permit the interior portions to be removed using a conventional drilling apparatus. 
In this manner, in the event of a malfunction in a downhole region, the apparatus 
may be easily removed. 

An apparatus and method for hanging an expandable tubular liner in a 

30 wellbore is also provided. The apparatus and method permit a tubular liner to be 
attached to an existing section of casing. The apparatus and method further have 
application to the joining of tubular members in general 



Referring initially to Hg»- 1-6, an embodiment of an apparatus and method 
for forming a wellbore casing within a subterranean formation will now be 
described. As illustrated in Fig. 1, a wellbore 100 is positioned in a subterranean 
formation 105. The wellbore 100 includes an existing cased section 110 having a 
5 tubular casing 115 and an annular enter layer of cement 120. 

In order to extend the wellbore 100 into the subterranean formation 105, 
a drill string 125 is used in a well known manner to drill out material from the 
subterranean formation 105 to form anew section ISO. 

As illustrated in Fig. 2, an apparatus 200 for fonnmg a wellbore casing in 
10 asubten-aneanformatkmisthmi 

100. The apparatus 200 preferably inidndesanerpandablemandrdorpigm.a 
tubular member 210, a shoe 215, a lower cup seal 220, an upper cup seal 225, a 
fluid passage 230, a fluid passage 235, a fluid passage 240, seals 245, and a support 
member 250. 

15 The expandable mandrel 205 is coupled to and supported by the support 
member 250. The expandable mandrel 205 is preferably adapted to controllably 
expand in a radial direction. The expandable mandrel 205 may comprise any 
number of conventional commercially available expandable man drels modified in 
accordance with the teachings of the present disclosure. In a preferred 

20 embodiment, the expandabtenum^ 

disclosed in US. Patent No. 5,348,095, the contents of which are incorporated 
herein by reference, modified in accordance with the teachings of the present 
di scl o sure. 

The tulnu^member210 is supported by the expandable The 
26 tabular member 210 is expanded in the radial direction and extruded off of the 
expandable mandrel 205. The tubular member 210 may be fabricated from any 
number of conventional commercially available materials such as, for example, 
Oilfield Country Tubular Goods (OCTG), IS chromium steel tubing/casing, or 
plastic tubmgAasing. In a preferred embodiment, the tubular member 210 is 
30 fabricated from OCTG in order to nmrimire strength after expansion. The inner 
and outer diameters of the tubular member 210 may range, for example, from 
aimroximately 0.75 to 47 inches and 1.05 to 48 inches, respectively. In a preferred 
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embodiment, the inner and outer diameters of the tubular member 210 range from 
about 3 to 15.5 inches and 3.5 to 16 inches, respectively in order to optimally 
provide minimal telescoping effect in the most commonly drilled wellbore sizes. 
The tubular member 210 preferably comprises a solid member. 
5 In a preferred embodiment, the end portion 260 of the tubular member 210 

is slotted, perforated, or otherwise modified to catch or slow down the mandrel 205 
when it completes the extrusion of tubular member 210. In a preferred 
embodiment, the length of the tubular member 210 is limited to minimize the 
possibility of buckling. For typical tubular member 210 materials, the length of 
10 the tubular member 210 is preferably limited to between about 40 to 20,000 feet 
in length. 

The shoe 215 is coupled to the expandable mandrel 205 and the tabular 
member 210. The shoe 215 includes fluid passage 240. The shoe 215 may 
comprise any number of conventional commercially available shoes such as, for 

15 example, Super Seal H float shoe, Super Seal II Down J et float shoe or a guide shoe 
with a sealing sleeve for a latch down plug modified in accordance with the 
teachings of the present disclosure. In a preferred embodiment, the shoe 215 
comprises an aluminum down-jet guide shoe with a sealing sleeve for a latch-down 
plug available from Halliburton Energy Services in Dallas, TX, modified in 

20 accordance with the teachings of the present disdosure, in onier to optimally guide 
the tubular member 210 in the wellbore, optimally provide an adequate seal 
between the interior and exterior diameters of the overlapping joint between the 
tubular members, and to optimally allow the complete drill out of the shoe and 
plug after the completion of the cementing and expansion operations. 

25 In a preferred embodiment, the shoe 2 15 includes one or more through and 
side outlet ports in fluidic communication with the fluid passage 240. In this 
manner , the shoe 215 optimally injects hardenable fluidic sealing material into the 
region outside the shoe 215 and tubular member 210. In a preferred embodiment, 
the shoe 215 includes the fluid passage 240 having an inlet geometry that can 

30 receive a dart and/or a ball sealing member. In this manner, the fluid passage 240 
can be optimally sealed off by introducing a plug, dart and/or ball sealing elements 
into the fluid passage 230 . 



-8- 



The lower cap sad 220 is coupled to and supported by the support member 
250. The lower cup seal 220 prevents foreign materials from entering the interior 
region of the tubular member 210 adjacent to the expandable mandrel 205. The 
lower cup seal 220 may comprise any number of conventional commercially 
5 available cup seals such as, for example, TP cups, or Selective Injection Packer 
(SIP) gi n s modified in accordance «»* taMwhmgn ^f the present diccloourc. In 
a preferred embodiment, the lower cup seal 220 comprises a SIP cup seal, available 
from Halliburton Energy Services in Dallas, TXmOTiier to optmially block foreign 
material and contain a body of lubricant 
10 The upper cup seal 225 is awpled^ 

250. The upper am seal 225 prevents foreign matern^ 
region of the tubular member 210. The upper cup seal 225 may comprise any 
number of conv entional commercially available cup seals such as, for example, TP 
cups or SIP cups modified in accordance with the teachings of the present 
16 disclosure. In a preferred embodiment, the upper cup seal 225 comprises a SIP 
cup, available from Halliburton Energy Services in Dallas, TX in order to optimally 
block the entry of foreign materials and contain a body of lubricant. 

The fluid passage 230 permits fluidic materials to be transported to and 
from the interior region of the tubular member 2 10 below the expandable mandrel 
20 205. The fluid passage 230 is coupled to and positioned within the support 
numiber 250 and the expandable mandrel 205. The fluid passage 230 preferably 
extends from a position adjacent to the surface to the bottom of the expandable 
mandrel205. The fluid passage 230 is preferably positioned along a eenteriine of 
the apparatus 200. 

25 The fluid passage 230 is preferably selected, in the casing running mode of 
operation, to transport materials such as drilling mud or formation fluids at flow 
rates and pressures ranging from about 0 to 3,000 gallons/minute and 0 to 9,000 
psi in order to minimize drag on the tubular manberbemgnm and to 
surge pressures exerted on the welto^ 

30 and lead to bole collapse. 



passage 230. In this manner, during placement of the apparatus 200 within the 
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new section 130 of the weilbore 100, fluidic materials 255 forced up the fluid 
passage 230 can be released into the wellbore 100 above the tubular member 210 
thereby minimi zing surge pressures on the weilbore section 130, The fluid passage 
235 is coupled to and positioned within the support member 250. The fluid 
5 passage is further fluidicly coupled to the fluid passage 230. 

The fluid passage 235 preferably includes a control valve for controllably 
opening and dosing the fluid passage 235. In a preferred embodiment, the control 
valve is pressure activated in order to controllably minimize surge pressures. The 
fluid passage 235 is preferably positioned substantially orthogonal to the centeriine 
10 of the apparatus 200. 

The fluid passage 235 is preferably selected to convey fluidic materials at 
flow rates and pressures ranging from about 0 to 3,000 gallons/minute and 0 to 
9 ,000 psi in order to reduce the drag on the apparatus 200 during insertion into 
the new section 130 of the weilbore 100 and to minimize surge pressures on the 
15 new wellbore section 130. 

The fluid passage 240 permits fluidic materials to be transported to and 
from the region exterior to the tubular member 210 and shoe 215. The fluid 
passage 240 is coupled to and positioned within the shoe 215 in fluidic 
communication with the interior region of the tubular member 210 below the 
20 expandable mandrel 205. The fluid passage 240 preferabfy has a cross-sectional 
shape that permitsaphig, or other similar device, to be plairf in fluid passage 240 
to thereby block further passage of fluidic materials. In this manner, the interior 
region of the tubular member 210 below the expandable mandrel 205 can be 
fluidicly isolated from the region exterior to the tubular member 2 10. This permits 
25 the interior region of the tubular member 210 below the expandable mandrel 205 
to be pressurized. The fluid passage 240 is preferably positioned substantially 
along the centeriine of the apparatus 200. 

The fluid passage 240 is preferably selected to convey materials such as 
cement, drilling mud or epoxies at flow rates and pressures ranging from about 0 
30 to 3,000 gallons/minute and 0 to 9,000 psi in order to optimally fill the annular 
region between the tubular member 210 and the new section 130 of the wellbore 
100 with fluidic materials. In a preferred embodiment, the fluid passage 240 
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includes an inlet geometry that can receive a dart and/or a ball aealing member. 

In this maimer, the fluM passage 240 c^ 

and/or ball sealing elements into the fluid passage 230. 

The seals 245 are coupled to and supported by an end portion 260 of the 
5 tubularinend»-210.T|*a^ 

of the end portion 260 of the tubular member 210. The seals 245 permit the 
overlapping joint between the end portion 270 of the casing 116 and the portion 
260 of the tubular member 210 to be fluidicly sealed The seals 245 may comprise 
any number of conventional commercially available seals such as, for example, 
10 lead, rubber, Teflon, or eposyaeala mortified fa 

the present diaclosure. Inapreferred embodiment, the seals 245 are 
Stratalockepoiy available 

to optimally provide a load bearing interference fit between the end 260 of the 
tubular member 210 and the end 270 of the existing casing 115. 
15 Inaprefemrienibodiment, the seala 245 are selected to optuna% provide 

a sufficient frictional force to support the expanded tubular member 210 from the 
existing owing lis. In a preferred embodiment, the frictional force optimally 
provided by the seals 245 ranges from about 1,000 to 1,000,000 lbf in order to 
optimally support the expanded tubular member 210. 
20 The supped member 250 is com^totheexpandahl 

member 210, shoe 216, and seals 220 and 225. The support member 250 
preferably comprises an annular member having sufficient strength to carry the 
apparatus 200 into the new section 130 of the weBbore 100. In a preferred 
embodiment, the support member 250 further mcludes one or more conventional 
25 centralizes (not illustrated) to help stabilise the apparatus 200. 

In a preferred embodiment, a quantity of lubricant 276 is provided in the 
annular region above the expandable mandrel 205 within the interior of the 
tubular member210. In this inanner, the extrusion of the tubular men^ber 210 off 
of the expandable mandrel 205 is facilitated. The lubricant 275 niay comprise any 
30 number of conventional commercially available lubricanta such as, for example, 
Lubriplate,cbforine based lubricant 

(3100). In a preferred embodiment, the tabricant 275 comprises Climax 1500 
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Anti (ai no) i roriiiihlp fimni H jmai T jobricanta and Equipment Co. in Houston. 
TX in order to optimally provide optimum lubrication to fecfliate the expansion 



In a preferred embodiment, the support member 250 is thoroughly cleaned 
5 prior to assembly to the remaining portions of the apparatus 200. In t his mann er, 
the mtrodurtion of foreign material into the apparatus 200 is minimized. This 
,niniiiura the possfoOity of foreign material clogging the various flow passages and 
valves of the apparatus 200. 

In a prrffrr-d fti^*"""*, Mnr » or after nowiHonmtr the apparatus 200 
10 within the new section 130 of the weDbote 100, a coupk of wdlbore volumes are 
circulated in order to ensure that no foreign mat er ials are located within the 
wellbore 100 that might clog up the various flow passages and valves of the 
apparatus 200 andtoensure that no foreign material interferes with the expansion 
process. 

15 As mustratedmFig. 3, thefluid passage 235 is then dosed 

fluidic Beating material 305 is then pumped from a surface location into the fluid 
passage 230. The material 305 then passes from the fluid passage 230 into the 
interior region 310 of the tubular member 210 below the expandable mandrel 205. 
The material 305 then passes from the interior region 310 into the fluid passage 
20 240. Tbe material 305 thai exite the apparatus 2 W 

315 between the exterior of the tubular mejnber210 andthemteriorwaflofthe 
new section 130 of the wellbore 100. Continued pumping of the material 305 
causes the material 305 to fill up at least a portion of the annular region 315. 

The material 305 is preferably pumped into the annular region 315 at 
25 pressures and flow rates ranging, for example, from about 0 to 5000 psi and 0 to 
1,500 gallons/min, respectively. The optimum flow rate and operating pressures 
vary as a function of the casing and wellbore sizes, wellbore section length, 
available pumping equipment, and fluid properties of the fluidic material being 
pumped The optimum flow rate and operating pressure are preferably determined 
30 using conventional empirical methods. 

The hardenable fluidic sealing material 305 may comprise any number of 
conventional commercially available hardenable fluidic sealing materials such as, 
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for example, slag mix, cement or epoxy. In a preferred embodiment, the 
hardflnahlB fhridic sealing material 805 comprises a blended cement prepared 
specifically for the particular well section being drilled from Halliburton Energy 
Services in Dallas, TX in order to provide optimal support for tabular member 
5 while also maintaining optimum flow characteristics so as to minimize difficulties 
during the d isplaceme nt of cement in the annular region 315. The optimum blend 
of the blended cement is preferably determined using conventional empirical 
methods. 

The annular region 816 preferably is filled with the material 305 in 
10 sufficient quantities to ensure that, upon radial * r r* n ifan cf the tubular member 
210, the annular region 815 of the new aedicm 180 oftheweUbore 100 wiU be filled 
with material 306. 

In a particularly preferred embodiment, as illustrated in Fig. 3a, the wall 
thickness and/or the outer diameter of the tabular member 210 is reduced in the 
16 region adjacent to the mandrel 205 in order optimally permit placement of the 
apparatus 200 in positions in the wellbore with ti^ clearances. Furthermore, in 
this manner, the initiation of the radial expansion of the tubular member 210 
during the extrusion process is optimally facilitated. 

As illustrated in Fig. 4, once the annular region 315 has been adequately 
20 filled with material 306, a plug 405, or other similar device, is introduced into the 
fluid passage 240 thereby fluidkly isolating the interior region 310 from the 
annular region 315. In a preferred embodiment, a non-hanienable fluidic material 
306 is then pumped into the interior region 310 causing the interior region to 
pressurize. In this manner, the interior of the expanded tubular member 2 10 will 
25 not contain significant amounts of cured material 305. Pus reduces and simplifies 
the cost of the entire process. Alternatively, the material 305 may be used during 
this phase of the process. 

Once the interior region 310 becomes sufficiently pressurized, the tubular 
member 210 is extruded off of the expandable mandrel 205. During the extrusion 
30 process, the expandable mandrel 205 may be raised out of the expanded portion of 
the tubular member 210. In a preferred embodiment, during the extrusion 
process, the mandrel 206 is raised at approximate^ the same rate a^ 
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member 210 is expanded in order to keep the tubular member 210 stationary 
relative to the new wellbore section 130. In an alternative preferred embodiment, 
the extrusion praxis commenced with ^ 

the bottom of the new wellbore section 130, keeping the mandrel 205 stationary, 
5 and allowing the tubular member 210 to extrude off of the mandrel 205 and fall 
down the new wellbore section 130 under the force of gravity. 

The plug 405 is preferably placed into the fluid passage 240 by introducing 
the plug 405 into the fluid passage 230 at a surface location in a conventional 
manner. The phig 405 preferably acts to fluidicly isolate the bardenable fluidic 
10 sealing material 305 from the non hardenahle fluidic material 306. 

The plug 405 may comprise any number of conventional commercially 
availabledevicesfrempluggingafhuVlpa 

Cementer (MSQ latch-down plug, Omega latch-down plug or three-wiper latch- 
down phigmodifiedin accordance with the teachings of the pi^tdisclosiire. In 

15 a preferred embodiment, the plug 405 comprises a MSC latch-down plug available 
from Halliburton Energy Services in Dallas, TX. 

After placement of the plug 405 in the fluid passage 240, a non bardenable 
fluidic material 306 is preferably pumped into the interior region 310 at pressures 
and flow rates ranging, for example, from approximately 400 to 10,000 psi and 30 

20 to 4,000 gallons/min. In this manner, the amount of bardenable fluidic sealing 
material within the interior 310 of the tubular member 210 is minimixed Ina 
preferred embodiment, after placement of the plug 405 in the fluid passage 240, 



at pressures and flow rates ranging from approximately 500 to 9,000 psi and 40 to 
25 3,000 gallffnV™" fa arAer to mnximixe the extrusion speed. 

In a preferred enibcdiment, the apparatus 200 is adapted to nunimixe 
tensile, burst, and friction effects upon the tubular member 210 during the 
expansion process. These effects will be depend upon the geometry of the 
expansion mandrel 205, the material composition of the tubular member 2 10 and 
30 expansion mandrel 205, the inner diameter of the tubular member 210, the wall 
thickness of the tubular member 210, the type of lubricant, and the yield strength 
ofthe tubular member 210. In general, the thicker the wall thickness the smaller 
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the inner diameter, and the greater the yield strength ofthe tubular member 
then the greater the operatic 
210 off of the mandrel 205. 

For typical tabular members 210, the extrusion of the tubular member 210 
5 off of the expandable mandr el will begin whan the pressure of the interior region 
310 reaches, for example, approximate^ 600 to 9,000 pel 

During the extrusion pr ocess, the expandab le mandrel 205 may be raised 
out of the expanded portion of the tabular member 210 at rates ran ging , for 
example, from about 0 to 6 ft/sec In a preferred embodiment, during the extrusion 
10 process, the expand a ble mandrel 205 is raised out of the expanded portion of the 
tubular member 210 at rates ranging from 

the time required for the ex pansion process while also permitting easy control of 
the expansion process. 

When the end portion 260 of the tubular member 210 is extruded off of the 

15 exp a ndable mandrel 205, the outer surface 265 of the end portion 260 of the 
tubular member 210 will preferably contact the interior surface 410 of the end 
portion 270 of the casing 115 to form an fluid tight overlapping joint The contact 
pressure of the overlapping joint may range, for example, from approximately 50 
to 20,000 psi. In a preferred embodiment, the contact pressure of the overlapping 

20 joint ranges from approximately 400 to 10,000 psi in order to provide optimum 
pressure to activate the annular sealing members 245 and optimally provide 
resis t an ce to axial motion to accommodate typical tensile and compressive loads. 

The overlapping joint between the section 410 of the existing casing 1 15 and 
the section 265 of the expanded tubular member 210 preferably provides a gaseous 
25 andfluidicseaL Inaparicularfyprefer^ 

optimally provide a fluidic and gaseous seal in the overlapping joint 

In a preferred embodiment, the operate 
hardenahle fluidic material 306 is controllably ramped down when the expandable 
mandrel 205 reaches the end portion 260 of the tubular member 210. In this 
30 manner , the sudden release of pressure caused by the complete extrusion of the 
tubular member 2 10 off of the expandable mandrel 205 can be minimized Ina 
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preferred emb o diment, the operating pressure is reduced in a substantially linear 
fashion from 100% to about 10% during the end oftheertrosion process begmning 
when the mandrel 205 is within about 5 feet from completion of the extrusion 
process. 

5 Alternatively, or in combination, a shock absorber is provided in the support 

member 250 in order to absorb the shock caused by the sudden release of pressure. 
The shock absorber may comprise, for example, any conventional commercially 
available shock absorber adapted for use in wellbore operations. 

Alternatively, or in combination, a mandrel catching structure is provided 
10 in the end portion 260 of the tubular member 210 in order to catch or at least 

decelerate the mandrel 205. 

Once the extrusion process is completed, the expandable mandrel 206 is 
removed from the wellbore 100. In a preferred embodiment, either before or after 
the removal of the expandable mandrel 205, the integrity of the fluidic seal of the 
15 overlapping joint between the upper portion 260 of the tubular member 210 and 
the lower portion 270 of the casing 116 is tested using conventional methods. 

If the fluidic seal of the overlapping joint between the upper portion 260 of 
the tubular member 210 and the lower portion 270 of the casing 115 is satisfactory, 
then any uncured portion of the material 305 within the expanded tubular member 
20 210 is then removed in a conventional manner such as, for example, drculating the 
uncured material out of the interior of the expanded tabular member 210. The 
mandrel 205 is then pulled out of the wellbore section 130 and a drill bit or mill is 
used in combination with a conventional drilling assembly 505 to drill out any 
hardened material 305 within the tubular member 210. The material 305 within 
25 the annular region 315 to then allowed to cure. 

As illustrated in Fig. 5 , preferably any remammg cured material 3()5vritbin 
the interior of the expanded tubular member 210 is then removed in a 
conventional manner using a conventional drill string 505. The resulting new 
section of casing 510 includes the expanded tubular member 210 and an outer 
30 annular layer 515 of cured material 305. The bottom portion of the apparatus 200 
comprising the shoe 2 15 and dart 405 may then be removed by drilling out the 
shoe 215 and dart 405 using conventional drilling methods. 
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In a preferred embodiment, as illustrated in Fig. 6\ the upper portion 260 
of the tubular member 210 includes one or more sealing members 605 and one or 
more pressure relief holes 610. In this manner, the overlapping joint between the 
lower portion 270 of the casing 115 and the upper portion 260 of the tubular 
5 member 210 is pressure-tight and the pressure on the interior and exterior 
surfaces of the tubular member 210 is equalized during the extrusion process. 

In a preferred embodiment, the sealing members 605 are seated within 
recesses 615 formed in the outer surface 265 of the upper portion 260 of the 
tubular member 210. In an alternative pref erred embodiment, the sealing 
10 members 605 are bonded or nxJded onto the outer surf 

260 of the tabular member 210. The pressure relief holes 610 are preferably 
positioned in the last few feet of the tubular member 210. Tbe pressure relief 
holes reduce the operating pressures required to expand the upper portion 260 of 
the tubular member 210. This reduction in required operating pressure in turn 
15 reduces the velocity of the mandrel 205 upon the completion of the extrusion 
process. Thi* reduction wlnwiy fa fiim minimizes * h * ™+rh*™r*\ shock to the 
entire apparatus 200 upon the completion of the extrusion process. 

Referring now to Fig. 7, a particularly preferred embodiment of an 
apparatus 700 far forming a casing within a wellbore preferably includes an 
20 expandable mandrel ox pig 705, an expandable mandrel or pig container 710, a 
tubular memb er 715, a float shoe 720, a lower cup seal 725, an upper cup seal 730, 
a fluid passage 736, a fluid passage 740, a support member 745, a body of lubricant 
750, an overshot connection 755, another support member 760, and a stabilizer 
765. 

25 The e xp a nda ble mandrel 705 is coupled to and supported by the support 

member 745. The expandable mandrel 705 is farther coupled to the expandable 
mandrel container 710. The expandable mandrel 705 is preferably adapted to 
controllabry expand in a radial direction. The expandabl e mandrel 705 may 
comprise apy number of conventional commercially available expandable mandrels 

30 modified in accordance with teachings of the present HiBrJn«nrp In a preferred 
embodiment, the expandable mandrel 705 comprises a hydraulic expansion tool 
substantially as disclosed in ILS. Pat No. 5,348,095, the contents of which are 
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incorporated herein by reference v modified in accordance with the teachings of the 
present disclosure. 

The expandable mandrel container 710 is coupled to and supported by the 
support member 745. The expandable mandrel container 710 is further coupled 
5 to the expandable mandrel 705. The expandable mandrel container 710 may be 
constructed from any number of conventional commercially available materials 
such as, for example, Oilfield Country Tubular Goods, stainless steel, titanium or 
high strength steels. In a preferred embodiment, the expandable mandrel 
container 710 is fabricated from material having a greater strength than the 

10 material from which the tubular member 715 is fabricated In this manner, the 
container 710 can be fabricated from a tabular material having a thinner wall 
thickness than the tubular member 210. This permits the container 710 to pass 
through tight clearances thereby facilitating its placement within the weDbore. 
In a preferred embodiment, once the expansion process begins, and the 

15 thicker , lower strength material of the tubular member 715 is expanded, the 
outside Hi flFiA t-Ar of the tubular member 715 is greater than the outside diameter 
of the container 710. 

The tubular member 715 is coupled to and supported by the expandable 
mandrel 705. The tubular member 715 is preferably expanded in the radial 

20 direction and extruded off of the expandable mandrel 705 substantially as 
described above with reference to Figs. 1-6. The tubular member 715 may be 
fabricated from any number of materials such as, for example, Oilfield Country 
Tubular Goods (OCTG), automotive grade steel or plastics. In a preferred 
embodiment, the tubular member 715 is fabricated from OCTG. 

25 In a preferred embodiment, the tubular member 715 has a substantially 

annular cross-section. In a particularly preferred embodiment, the tubular 
member 715 has a substantially circular cross-section. 

The tubular member 715 preferably includes an upper section 805, an 
intermediate section 810, and a lower section 815. The upper section 805 of the 

30 tubular member 715 preferably is defined by the region beginning in the vicinity 
of the mandrel container 710 and ending with the top section 820 of the tubular 
member 715. The intermediate section 810 of the tubular member 715 is 
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preferably defi ne d by the region beginning in the vicinity of the top of the mandrel 
container 710 and ending with the region in the vicinity of the mandrel 705. The 
lower section of the tubular member 715 is preferably defined by the region 
beginning in the vicinity of the mandrel 706 and ending at the bottom 825 of the 
5 tubular member 715. 

In a preferred embodiment, the wall thickness of the upper section 805 of 
the tubular member 715 is greater than the wall thicknesses of the intermediate 
and lower sections 810 and 815 of the tubular member 715 in order to optimally 
faciliate the initiation ofthe extrusion process and optimally permi 
10 700 to be positioned in locations in the weDbox* having tight clearances. 

The outer diameter and wall thickness of the upper section 805 of the 
tubular member 716 msy range, for example, from about 1.05 to 48 inches and 1/8 
to 2 inches, respectively . In a prefer red embodiment, tha outer riijrmpter « M wall 
thickness of the upper section 805 of the tubular member 715 range from about 3.5 
15 to 16 inches and 3/8 to L5 inches, respectively. 

The outer diameter and wall thickness of the intermediate section 810 of the 
tubular member 715 may range, for example, from about 2 £ to 50 inches and 1/16 
to 1.5 inches, respectively. In a preferred embodiment, the outer diamet er and 
wall thickness of the intermediate section 810 of the tubular member 715 range 
20 from about 3.5 to 19 inches and 1/B to L26 faiches, respectively . 

The outer diameter and wall thickness of the lower section 815 of the 
tubular member 715 may range, for example, from about 2^ to 50 inches and 1/16 
to 1.25 inches, respectively. In a pr e fer red embodiment, the outer diameter and 
wall thickness of the lower section 810 of the tubular member 715 range from 
25 about 3.5 to 19 inches and 1/8 to 1.25 inches, respectively. In a particularly 
preferred embodiment, the waUt^^ 

member 715 is further increased to increase the strength of the shoe 720 when 
drillable materials such as, for example, aluminum are used. 

The tubular member 715 preferably con^rises a soM tubular meinber. In 
30 a preferred embodiment the end portion 820 of the tubular member 71 S is slotted, 
perforated, or otherwise modified to catch or slow down the mandrel 70 5 when it 
completes the extrusion of tubular member 716. In a preferred embodiment, the 



-19- 



length of the tubular member 715 is limited to minimize the possibility ofbuckling. 
For typical tubular member 715 materials, the length of the tubular member 7 15 
is preferably limited to between about 40 to 20,000 feet in length. 

The shoe 720 is coupled to the expandable mandrel 705 and the tubular 
5 member 715. The shoe 720 includes the fluid passage 740. In a preferred 
embodiment, the shoe 720 further includes an inlet passage 830, and one or more 
jet ports 835. In a particularly p r efer red em bodiment, the cross-sectional shape 
of the inlet passage 830 is adapted to receive a latch-down dart, or other similar 
elements, for blocking the inlet passage 830. The interior of the shoe 720 

10 preferabfrinchidesabodyof strength ofthe 

shoe 720. In a particularly preferred embodiment, the body of so lid material 840 
comprises aluminum. 

The shoe 720 may comprise any number of conv entional commercially 
available shoes such as, for example, Super Seal U Down Jet float shoe, or guide 

15 shoe with a sealing sleeve for a latch down plug modified in accordance with the 
teachings of the present disclosure. In a preferred embodiment, the shoe 720 
comprises an aluminum down-jet guide shoe with a sealing sleeve for a latch-down 
plug available from Halliburton Ener©r Services in Dallas, TX, modified in 
accordance with the teachings of the present disclosure, in order to optimise 

20 guiding the tubular member 715 in the wellbore, optimize the seal between the 
tubular member 7 1 5 and an existing wellbore casing, and to optimally faciliate the 
removal ofthe shoe 720 by drilling it out after completion of the extrusion process. 

The lower cup seal 725 is coupled to and supported by the support member 
745. The lower cup seal 725 prevents foreign materials from entering the interior 

25 region ofthe tubular member 715 above the expandable mandrel 705. The lower 
cup seal 725 may comprise any number of conventional commercially available cup 
seals such as, for example, TP cups or Selective Injection Packer (SIP) cups 
modified in accordance with the teachings ofthe present disclosure. In a preferred 
embodiment, the lower cup seal 725 comprises a SIP cup, available from 

30 Halliburton Energy Services in Dallas, TX in order to optimally provide a debris 
barrier and hold a body of lubricant 
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The upper cup seal 730 is ccmpled to and supported by the support 
760. The upper cap seal 730 prevents foreign materials from entering the interior 
region of the tubular member 715. The upper cup seal 730 may comprise any 
number of conventional conimeraally available cup seals such as, for example, TP 
5 cups or Selective Injection Packer (SIP) cup modified in accordance with the 
teachiiujsoftbepresentisclosure. Inapreferred embedment, theu^ 
730comprisesaSn>cupavaflabkn^ 

in order to optimally provide a debris barrier and contain a body of lubricant. 
The fluid passage 735 permits fluidic materials to be transported to and 
10 fr 0 " the interior region of the tuhular member 715 belnw th» ^.m. nnnrirrl 
705. The fhiid passage 735 is flnidic^ The fluid 

passage 736 is preferably coupled to and positioned witlim the suppo^ 
760, the support member 745, the mandrel container 710, and the expandable 
inandrel705. The fluid passage 735 preferably extends from a position adjacent 
15 to the surface to the bottom of the expandable n^ The fluid passage 735 

is preferably positioned along a centerline of the apparatus 700. The fluid passage 
735 is preferably selected to transport materials such as cement, drilling mud or 
epoxies at flow rates and pressures ranging from about 40 to 3,000 gaUons/minute 
and 500 to 9,000 psi in order to provioe sufficient operath^ 
20 the tubular member 715 cfl"of the expandable mandrel 705. 

As described above with reference to Figs. 1-6, during placement of the 
apparatus 700 within a new section of a wellbore, fluid* material ^ 
flutf passage 735 can be released*^ 

In a preferred embodiment, the apparatus 700 further includes a pressure release 
25 passage that is cxmpled to and pod 260 ^ 

preasxxre release passage is further fluids ^ 
pressure release passage preferably includes a control valve for controllably 
opening and closing the fluid passage. In a preferred embodiment, the control 
valve is pressure activatedmo ^ 
30 pressure release passage is preferably position^ 

centerline of the apparatus 700. The pressure release passage is preferably 
selected to convey materials such as oemeiu\ drilling mud or epori^ 
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and pressures ranging from about 0 to 500 gaUons/minute and 0 to 1,000 psi in 
order to reduce the drag on the apparatus 700 during insertion into anew section 
of a wellbore and to minimize surge pressures on the new weHbore section. 

The fluid passage 740 permits fluidic materials to be transported to and 
5 from the region exterior to the tubular member 715. The fluid passage 740 is 
preferably coupled to and positioned within the shoe 720 in fluidic communication 
with the interior region of the tubular member 715 below the expandable mandrel 
705. The fluid passage 740 preferably has a cross-sectional shape that permits a 
plug, or other similar device, to be placed in the inlet 830 of the fluid passage 740 

10 to thereby block farther passage of fluidic materials. In this manner, the interior 
region of the tubular member 715 below the expandable mandrel 705 can be 
optimally fluidicfy isolated from the region exterior to the tubular member 715. 
This permits the interior region of the tubular member 715 below the expandable 
mandrel 205 to be pressurized. 

15 The fluid passage 740 is preferably positioned substantially along the 

centerline of the apparatus 700. The fluid passage 740 is preferably selected to 
convey materials such as cement, drilling mud or epoxies at flow rates and 
pressures ranging from about 0 to 3,000 gallons/minute and 0 to 9,000 psi in order 
to optimally fill an annular region between the tubular member 715 and a new 

20 section of a wellbore with fluidic materials. In a preferred embodiment, the fluid 
passage 740 includes an inlet passage 830 having a geometry that can receive a 
dart and/or a ball sealing member. In this manner, the fluid passage 240 can be 
sealed off by introducing a plug, dart and/or ball sealing elements into the fluid 
passage 230. 

25 In a preferred embodiment, the apparatus 700 further includes one or more 

seals 846 coupled to and supported by the end portion 820 of the tubular member 
715. The seals 845 are further positioned on an outer surface of the end portion 
820 of the tubular member 715. The seals 845 permit the overlapping joint 
between an end portion of preexisting casing and the end portion 820 of the 

30 tubular member 715 to be fluididy sealed. The seals 845 may comprise any 
number of conventional commercially available seals such as, for example, lead, 
rubber, Teflon, or epoxy seals modified in accordance with the teachings of the 
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present disclosure. In a preferred embodiment, the seals 845 comprise seals 
molded from StrataLock epoxy available from Halliburton Energy Services in 
Dallas, TX in order to optimally provide a hydraulic seal and a load bearing 
interference fit in the overlapping joint between the tubular member 715 and an 
5 existing casing with optimal load bearing capacity to support the tubular member 
715. 

In a preferred embodiment, the seals 845 are selected to provide a sufficient 
frictional force to support the expanded tubular member 715 from the easting 
casing. In a preferred embodiment, the frictional farce provided by the seals 845 
10 ranges from about 1,000 to 1,000,000 Ibf in order to optimally support the 
ex pan d ed tabular member 716. 

The support member 745 is preferably coupled to the expandable mandrel 
705 and the overshot connection 755. The support member 745 preferably 
comprises an annular member having sufficient strength to carry the apparatus 

16 700 into a new section of a wellbore. The support member 745 may comprise any 
number of conventional commercially available support members such as, for 
example,, steel drill pipe, coiled tubing or other high strength tubular modified in 
accordance with the teachings of the present disclosure. In a preferred 
embodiment, the support member 745 comprises conventional drill pipe available 

20 from various steel mills in the United States. 

In a preferred embodiment, a body of lubricant 750 is provided in the 
annular region above TJHidshlft mmdirl cmtnmar 71 n within tV> in w» n r *f 
the tubular member 715. in thi* manner, the extrusion of th» tub "!*"* member 71 5 
off of the expandable mandrel 705 is facilitated The lubricant 705 may comprise 

25 any number of conventional commercially available lubricants such as, for 
example, Lubriplate, chlorine based lubricants, oil baaed lubricants, or Climax 
1500 Antisieze (3100). In a preferred embodiment, the lubricant 750 comprises 
Climax 1500 Antisieze (8100) available from Halliburton Energy Services in 
Houston, TX in order to optimally provide lubrication to faciliate the extrusion 

30 process. 

The overshot connection 765 is coupled to tiie support member 745 and the 
support member 760 v The overshot connection 755 preferably permits the support 



member 745 to be removably coupled to the support member 760. The overshot 
connection 755 may comprise any number of conventional commercially available 
overshot connections such as, for example, Innerstring Sealing Adapter, 
Innerstring Flat-Face Sealing Adapter or EZ Drill Setting Tool Stinger. In a 
5 preferred embodiment, the overshot connection 755 comprises a Innerstring 
Adapter with an Upper Guide available from Halliburton Energy Services in 
Dallas, TX. 

The support member 760 is preferably coupled to the overshot connection 
755 and a surface support structure (not illustrated). The support member 760 
10 preferably comprises an annular memb^ 

apparatus 700 into a new sectionof a vrellbore. The support member 760 may 
comprise any number of conventional commercially available support members 
such as, for example, steel drill pipe, coiled tubing or other high strength tubulars 
modifiedmaccordance with the teachmgsofthep In a preferred 

15 embodinient,tbe support member 7M^ 
from steel mills in the United States. 

The stabiliser 765 is preferably coupled to the support member 760. The 
stabiliser 765 also preferably stabilizes the components of the apparatus 700 
within the tubular member 715. The stabiliser 765 preferably comprises a 
20 spherical member having an outside diameter that is about 80 to 99% of the 
interior diameter of the tubular member 715 in order to optimally minimize 
bucklingoftheto±ularmember715. The stabilizer 765 may comprise any number 
of conventional commercially available stabilizers such as, for example, EZ Drill 
Star Gvndes, packer shnesordragblo^ 
25 ofthepresentdisdosure. In a preferred einbodunent, the atabuiser 765 comprises 
a sealing adapter upper guide available from Halliburton Energy Services in 
Dallas, TX. 

In a preferred embodiment, the support members 745 and 760 are 
thoroughly cleaned prior to assembly to the remaining portions of the apparatus 
30 700. In this manner, the introduction of foreign material into the apparatus 700 
ianunimized. This minimizes the possibility of foreign material clogging the 
various flow passages and valves of the apparatus 700. 



• 24- 



In a pr e fe rred embodiment, before or after positioning the apparatus 700 
within a new section of a wellbore, a couple of weDbore volumes are circulated 
through the various flow passages of the apparatus 700 in order to ensure that no 
foreign materials are located within the wellbore that might clog up the various 
5 flow passages and valves of the apparatus 700 and to ensure that no foreign 
material interferes with the expansion mandrel 705 during the expansion process* 
In a preferred embodiment, the apparatus 700 is operated substantially as 
described above with reference to Figs. 1-7 to form a new section of casing within 
a wellbore. 

10 As illustrated in Pig. 8, in an alternative preferred emhoHimffnt, the me t ho d 
and apparatus described herein is used tore 

by forming a tubular liner 810 inside of the erinting wellbore casing 806. In a 
preferred embodiment* an outer mnyW lining of cement is not provided in the 
repaired section. In the alternative preferred embodiment, any number of fluidic 

15 materials can be used to expand the tubular Kner 810 into intimate contact with 
the damaged section of the wellbore casing such as, for example, cement, epoxy, 
slag mix, or drilling mud. In the alternative preferred embodiment, sealing 
members 815 are preferably provided at both ends of the tubular member in order 
to optimally provide a fluidic seaL In an alternative preferred embodiment, the 

20 tubular liner 810 ia formed within a Wi«rnityfly positioned pipeline flection, such 
as those used to transport hydrocarbons 

in an overlapping relationship with the adjacent pipeline section. In this manner, 
underground pipelines can be repaired without having to dig out and replace the 
damaged sections. 

25 In another alternative preferred embodiment, the method and apparatus 

described herein is used to directly line a wellbore with a tubular liner 810. In a 
preferred embodiment, an outer attn«iwr lining of cement is not provided between 
the tubular liner 810 and the wellbore. In the alternative preferred emb o diment , 
any number of fluidic materials can be used to expand the tubular liner 810 into 

30 intimate contact with the wellbore such as, for example, cement, epoxy, slag mix, 
or drilling mud. 
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Referring now to Figs. 9, 9a, 9b and 9c, a p re fe r red embodiment of an 
apparatus 900 for forming a wellbore casing includes an expandable tubular 
member 902, a support member 904, an expandable mandrel or pig 906, and a shoe 
908. In a preferred embodiment, the design and construction of the mandrel 906 
5 and shoe 908 permits easy removal of those elements by drilling them out. In this 
manner, the assembly 900 can be easily removed from a wellbore using a 
conventional drilling apparatus and corresponding drilling methods. 

The expendible tubular member 902 preferably includes an upper portion 
910, an intermediate portion 912 and a lower portion 914. During operation of the 

10 apparatus 900, the tabular member 902 is prefer^ 

906 by pressurising an interior region 966 of the tubular member 902. The 
tubular member 902 preferably has a substantially annular cross-section . 

In a particularly preferred embodiment, an expandable tubular member 915 
is coupled to the upper portion 9 10 of the expandable tubular member 902. During 

15 operation of the apparatus 900, the tubular member 915 is preferably extruded off 
of the mandrel 906 by pressurizing the interior region 966 of the tubular member 
902. The tubular member 915 preferably has a substantially annular cross-section. 
In a preferred embodiment, the wall thiclmRffi of the tubular member 915 is 
greater than the wall of the tubular member 902. 

20 The tubular member 915 may be fabricated from any number of 
conventional commercially available materials such as, for example, oilfield 
tubulars, low alloy steels, titanium or stainless steels. In a preferred embodiment, 
the tubular member 915 is fabricated from oilfield tubulars in order to optimally 
provide approximately the same mechanical properties as the tubular member 902 . 

25 In a particularly preferred embodiment, the tubular member 915 has a plastic yield 
point ranging from about 40,000 to 135,000 psi in order to optimally provide 
approximately the same yield properties as the tubular member 902. The tubular 
member 915 may comprise a plurality of tubular members coupled end to end. 
In a preferred embodiment, the upper end portion of the tubular member 

30 915indudesoneormoresealingmembersforoptamaUy 
gaseous seal with an existing section of wellbore caring. 
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In a pref e rr ed embodiment, the combined length of the tabular members 
902 and 915 are limited to minimize the possibility ofbuckling. For typical tubular 
member materials, the combined length of the tubular members 902 and 915 are 
limited to between about 40 to 20,000 feet in length. 
5 The lower portion 914 of the tubular member 902 is preferably coupled to 
the shoe 908 by a threaded connection 968. The intermediate portion 912 of the 
tubular member 902 preferably is placed in intimate sliding contact with the 
mandrel 906. 

The tubular member 902 may be fabricated from any number of 

10 conventional commercially available materials such as, for example, oilfield 
tubulars, km alloy steels, titanium or stainless steels. In a preferred embodiment, 
the tubular member 902 is fabricated from oilfield tubulars in order to optimally 
provide approximately the same mechanical properties as the tubular member 915. 
In a particularly prefer r e d embodiment, the tubular member 902 has a plastic yield 

15 point ranging from about 40,000 to 135,000 psi in order to optimally provide 
approximately the same yield properties as the tubular member 915. 

The wall thickness of the upper, intermediate, and lower portions, 910, 912 
and 914 of the tubular member 902 may range, for example, from about 1/16 to 1.5 
inches. In a preferred embodiment, the waU thickness ofthe upper, intermediate, 

20 and lower portions, 910, 912 and 914 ofthe tubular member 902 range from about 
1/B to 1.25 in order to optimally provide waH thickness that are about the same as 
the tubular member 915. In a preferred embodiment, the wall thickness ofthe 
lower portion 9 14 is less than or equal to the wall thickness of the upper portion 
910 in order to optimally provide a geometry that will fit into tight clearances 

25 downhole. 

The outer diameter of the upper, intermediate, and lower portions, 910, 912 
and 914 ofthe tubular member 902 may range, for example, from about 1.05 to 48 
inches. In a preferred embodiment, the outer diameter ofthe upper, intermediate, 
and lower portions, 910, 912 and 914 ofthe tubular member 902 range from about 
30 3 % to 19 inches in order to optimally provide the ability to expand the most 
commonly used oilfield tubulars. 
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The length of the tubular member 902 is preferably limited to between 
about 2 to 6 feet in order to optimally provide enough length to contain the 
mandrel 906 and a body of lubricant 

The tubular member 902 may comprise any number of conventional 
5 ~™™,»^ a ny available tubular members modified in accordance with the teachings 
of the present disclosure. In a preferred embodiment, the tubular member 902 
comprises OilfieM Country Tubu^ 

The tubular member 915 may comprise any numberof conventional commercially 
available tubular members modified in accordance with the teachings of the 

10 presentdiadosuralnaprefer^ 

Oilfield" Country Tubular Goods available from various UA start mills , 

The various elements of the tubular member 902 niay be coupled using any 
number of conventional process such as, for example, threaded connections, 
welding or machined from one piece. In a preferred embodiment, the various 

15 elements of the tubular member 902 are coupled using welding. The tubular 
member 902 may comprise a plurality of tubular elements that are coupled end to 
end. The various elements of the tubular member 915 may be coupled using any 
number of conventional process such as, for example, threaded connections, 
welding or machined from one piece. In a preferred em bodi ment, the various 

20 elements of the tubular member 915 are coupled using welding. The tubular 
member 915 may comprise a plurality of tubular elements that are coupled end to 
end. The tubular members 902 and 915 may be coupled using any number of 
conventional process such as, for example, threaded connections, welding or 

machined from one piece. 
25 The support member 904 preferably includes an innerstring adapter 916, 
a Qum passage 918, an upper gume 920, and a c^pling 922. During operation of 

the apparatus 900, the support member 904^ 

during movement of the apparatus 900 within a wellbore. The support member 
904 preferably has a substantially annular cross-section. 
30 The support member 904 may be fabricated from any number of 
conventional commercially available materials such as, for example, oilfield 
tubulars, low alloy steel, coiled tubing or stainless steeL In a preferred 
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embodiment, the support member 904 is fabricated from low alloy steel in order 
to optimally provide high yield strength. 

The innerstring adaptor 916 preferably is coupled to and supported by a 
conventional drill string support from a surface location. The innerstring adaptor 
5 916 may be coupled to a conventional drill string support 971 by a threaded 
connection 970. 

The fluid passage 918 is preferabty used to convey fluids and other materials 
to and from the apparatus 900. In a preferred embodiment, the fluid passage 918 
is fluidicly coupled to the fluid passage 952. In a preferred embodiment, the fluid 
10 passage 318 i« p*ad to convey ^«^hip flnidic sealing materials to and from the 
apparatus 900. Inapartictilariyp^ 

include one or more pressure relief passages (not illustrated) to release fluid 
pressure during positioning of the apparatus 900 within a wellbore. In a preferred 
embodiment, the fluid passage 9 18 is positioned along a longitudinal centerline of 
15 the apparatus 900. In a preferred embodiment, the fluid passage 918 is selected 
to permit the conveyance of hardenabk fluidic materials at operating pressures 
ranging from about 0 to 9,000 psL 

The upper guide 920 is coupled to an upper portion of the support member 
904. The upper guide 920 preferably is adapted to center the su^ 
20 within the tubular member 915. The upper guide 920 may comprise any number 
of conventional guide members modified in accordance with the t***hii%p i of the 
present disclosure. In a preferred embodiment, the upper guide 920 comprises an 
innerstring adapter available from Halliburton Energy Services in D allas, TX order 
to optimally guide the apparatus 900 within the tubular member 915. 
25 The coupling922 couples the supixot member 904 to the mandrel 906. The 

coupling 922 preferably comprises a conventional threaded connection. 

The various elements of the support member 904 may be coupled using any 
number of conventional processes such as, for example, welding, threaded 
connections or machined from one piece. In a preferred emb odim ent, the various 
30 elements of the support member 904 are coupled using threaded 

The mandrel 906 preferably includes a retainer 924, a rubber cup 926, an 
expansion cone 928, a lower cone retainer 930, a body of cement 932, a lower guide 
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934, an extension sleeve 936, a spacer 938, a housing 940, a sealing sleeve 942, an 
upper cone retainer 944, a lubricator mandrel 946, a lubricator sleeve 948, a guide 
950, and a fluid passage 952. 

The retainer 924 is coupled to the lubricator mandrel 946, lubricator sleeve 
5 948, and the rubber cup 926. The retainer 924 couples the rubber cup 926 to the 
lubricator sleeve 948. The retainer 924 preferably has a substantially annular 
cross-section. The retainer 924 may comprise any number of conventional 
commercially available retainers such as, for example, slotted spring pins or roll 
pin. 

10 The rubber cup 926 is coupled to the retainer 924, the lubricator mandrel 
946, and the lubricator sleeve 948. The robber cup 926 prevents the entry of 
foreign inaterials into the interior pegmn 972 ofthe tubular member 902 below the 
rubber cup 926. The rubber cup 926 may comprise any number of conventional 
commercially available rubber cups such as, for example, TP cups or Selective 
16 Injection Packer (SIP) cup. In a preferred embodiment, the rubber cup 926 
comprises a SEP cup available from Halliburton Energy Services in Dallas, TX in 
order to optimally block foreign materials. 

In a particularly preferred embodiment, a body of lubricant is further 
provided in the interior region 972 of the tubular meinber 902m order to lubricate 
20 the interface between the exterior surface of the mandrel 902 and the interior 
surface of the tubular members 902 and 915. The lubricant may comprise any 
number of conventional commercially available lubricants such as, for example, 
Lubriplate, chlorine based lubricants, oil based lubricants or Climax ISOOAntiseize 
(3100). In a preferred embodiment, the lubricant comprises Climax 1500 Antiseize 
25 (3100) available from Climax Lubricants and Equipment Co. in Houston, TX in 
order to optimally provide lubrication to fariliate the extrusion process. 

The expansion cone 928 is coupled to the lower cone retainer 930, the body 
of cement 932, the lower guide 934, the extension sleeve 936, the housing 940, and 
the upper cone retainer 944. In a preferred embodiment, during operation of the 
30 apparatus 900, the tubular members 902 and 915 are extruded off of the outer 
surface of the expansion cone 928. In a preferred embodiment, axial movement 
of the expansion cone 928 is prevented by the lower cone retainer 930, housing 940 
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and the upper cone retainer 944. Inner radial movement of the expansion cone 
928 is prevented by the body of cement 932, the housing 940, and the upper cone 
retainer 944. 

The expansion ^ QSA preferfthly has a faihsfrmtiflHY annular cross section. 
5 The outside diameter of the expansion cone 928 is preferably tapered to provide 
a cone shape. The wall thic kne ss of the expansion cone 928 may range, for 
example, from about 0.125 to 3 inches. In a preferred embodiment, the wall 
thickness of the expansion cone 928 ranges from about 0 .25 to 0 . 75 inches in order 
to optimally provide adequate compressive strength with minimal material The 

10 TwmrrmtTm QTiri iwmfrmim QUtsidO ^^ ynt ^ t¥r ^ Of erpmmnn COOS m< y r P n fft r 

for example, from about 1 to 47 inches, In a j' — fa" *** gwilwiinwif the m«™nnm 
and minimum imtanHA riiimigtem «f jfae erpmrim come 928 range from about fl.fi 
to 19 in order to optimally provide expansion of generally available oilfield tubulars 
The expansion cone 928 may be fabricated from any number of conventional 

15 commercially available materials such as, for example, ceramic, tool steel, titanium 
or low alloy steel. In a preferred embodiment, the expansion cone 928 is fabricated 
from tool steel in order to optimally provide high strength and abrasion resistance. 
The surface hardness of the outer surface of the expansion cone 928 may range, for 
example, from about 50 Rockwell C to 70 Rockwell C. In a preferred embodiment, 

20 the surface hardness of the outer surface of the expansion cone 928 ranges from 
about 58 Rockwell C to 62 Rockwell C in order to optimally provide high yield 
strength. In a preferred embodiment, the expansion cone 928 is heat treated to 
optimally provide a hard outer surface and a resilient interior body in order to 
optimally provide abrasion resistance and fracture toughness. 

25 The lower cone retainer 930 is coupled to the expansion cone 928 and the 

housing 940. In a preferred embodiment, axial movement of the expansion cone 
928 is prevented by the lower cone retainer 930. Preferably, the lower cone 
retainer 930 has a substantially annular cross-section. 

The lower cone retainer 930 may be fabricated from any number of 

30 conventional commercially available materials such as, for example, ceramic, tool 
steel, titanium or low alloy steeL In a pr e fer red embodiment, the lower cone 
retainer 930 is fabricated from tool steel in order to optimally provide high 
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strength and abrasion resistance. The surface hardoeaaofthe outer surface of the 
lower cone retainer 930 may range, for example, from about 50 Rockwell C to 70 
Rockwell C. In a preferred embodiment, the surface hardness of the outer surface 
of the lower cone retainer 930 ranges from about 58 Rockwell C to 62 Rockwell C 

5 mordCTtooptimallyprovidem In a preferred embodiment, the 

lower cone retainer 930 is heat treated to <>ptiiiialh/ pro^ a bard <mtex snrface 
and a resilient interior body in order to optimally provide abrasion resistance and 
fracture toughness. 

Inaiireferredembcdunent, the lower cone retains 930 and tb* expansion 

10 cone 928 are formed as an mtegral one-piece elemen 

of components and increase the overall strength of the apparatus. The outer 
surface ofthe low cone retainer 930 prefers^ 

the tubular members 902 and 915. 

The body of cement 932 is positioned within the interior of the mandrel 906. 

15 The body of cement 932 provides en inner bearing atnicture for the mandrel 906. 
The body of cement 932 further may be easily drilled out using a conventional drill 
device. In this manner, the mandrel 906 may be easily removed using a 
conventional drilling device. 

The body of cement 932 may comprise any number of conventional 

20 commerrially available cement compounds. Alternatively, aluminum, cast iron or 
some other drillable metallic, composite, or aggregate material may be substituted 
for cement. The body of cement 932 preferably has a substantially annular cross- 
section. 

The lower guide 934 is coupled to the extension sleeve 936 and housing 940. 
25 Duringoperation of the apparatus 900, the lower guide 934 preferably helps guide 
the movement of the mandrel 906 vrithin the tubular member 902. The lower 
guide 934 preferably has a substantially annular cross-section. 

The lower guide 934 may be fabricated from any number of conventional 
commercially available materials such as, for example, oilfield tubulars, low alloy 
30 steel or stainless steeL In a preferred embodiment, the tower guide 934 is 
fabricated from low alloy steel in order to optimally provide high yield strength. 
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The outer surface of the lower guide 934 preferably mates with the inner surface 
of the tubular member 902 to provide a sliding fit 

The extension sleeve 936 is coupled to the lower guide 934 and the housing 
940. During operation of the apparatus 900, the extension sleeve 936 preferably 
5 helps guide the movement of the mandrel 906 within the tubular member 902. 
The extension sleeve 936 preferably has a substantially annular cross-section. 

The extension sleeve 936 may be fabricated from any number of 
conventional commercially available materials such as, for example, oilfield 
tubulars, low alloy steel or «*g"iip«g steeL In a p refer red embodiment, the 

10 extension sleeve 936 is fabricated ftom kw 

high yield strength. The outer surface of the extension sleeve 936 preferably mates 
with the fanwr surface of the tubular member 902 to provide a sliding fit. In a 
preferred embodiment, the extension sleeve 936 and the lower guide 934 are 
formed as an integral one-piece element in order to minimize the number of 

15 components and increase the strength of the apparatus. 

The spacer 938 is coupled to the sealing sleeve 942. The spacer 938 
preferably includes the fluid passage 952 and is adapted to mate with the extension 
tube 960 of the shoe 908. In this manner, a phig or dart can be conveyed from the 
surface through the fluid passages 918 and 952 into the fluid passage 962. 

20 Preferably, the spacer 938 has a substantially annular cross-section. 

The spacer 938 may be fabricated from any number of conventional 
commercially available materials such as, for example, steel, aluminum or cast 
iron. In a preferred embodiment, the spacer 938 is fabricated from aluminum in 
order to optimally provide drillability. The end of the spacer 938 preferably mates 

25 with the end of the extension tube 960. In a preferred embodiment, the spacer 
938 and the sealing sleeve 942 are formed as an integral on&-piece element in order 
to reduce the number of components and increase the strength of the apparatus. 

The housing 940 is coupled to the lower guide 934, extension sleeve 936, 
expansion cone 928, body of cement 932, and lower cone retainer 930. During 

30 operation of the apparatus 900, the housing 940 preferably prevents inner radial 
motion of the expansion cone 928. Preferably, the housing 940 has a substantially 
annular cross-section. 
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The housing 940 may be fabricated from any number of conventional 
commercially available materials such as, for example, oilfield tubulars, low alloy 
steel or stainless steel. In a preferred embodiment, the housing 940 is fabricated 
from low alloy steel in order to optimally provide high yield strength. In a 
5 preferred embodiment, the lower guide 934, extension sleeve 936 and housing 940 
are formed as an integral one-piece element in order to miiumire the number of 
components and increase the strength of the apparatus. 

In a particularly preferred embodiment, the interior surface of the housing 
940 includes one or more protrusions to fadliate the connection between the 
10 housing 940 and the body of cement 932. 

The sealing sleeve 942 is coupled to the support member 904, the body of 
cement 932, the spacer 938, and the upper cone retainer944. Dining operation of 
the apparatus, the sealing Bleeve 942 preferably provides support for the mandrel 
906. Tne sealing sleeve 942 is preferably coupled to the supp^ 
15 the coupling 922. Preferably, the sealing sleeve 942 has a substantially annular 
cross- section. 

The sealing sleeve 942 may be fabricated from any number of conventional 
commercially available materials such as, for example, steel, aluminum or cast 
iron In a preferred embolinient. the sealing sleeve 942 is fabricated from 
20 aluminum mordOT to optimally? 

In a particularly preferred embodiment, the outer surface of the sealing 
sleeve 942 includes one or more protrusions to faciliate the connection between the 
sealing sleeve 942 and the body of cement 932. 

In a particularly preferred embodiment, the spacer 938 and the sealing 
25 sleeve 942 are integrally formed as a one-piece element in order to nuiiimixe the 

number of components. 

The upper cone retainer 944 is coupled to the expansion cone 928, the 
sealing sleeve 942, and the body of cement 932. During operation of the apparatus 
900, the upper cone retainer 944 preferably prevents axial motion of the expansion 
30 cone 928. Preferably, the upper cone retainer 944 has a substantially annular 
cross-section. 
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The upper cone retainer 944 may be fabricated from any number of 
conventional commercially available materials such as, for example, steel, 
aluminum or cast iron. In a preferred embodiment, the upper cone retainer 944 
is fabricated from aluminum in order to optimally provide drillability of the upper 
6 cone retainer 944. 

In a particularly preferred embodiment, the upper co ne retainer 944 has a 
cross-sectional shape designed to provide increased rigidity. In a particularly 
preferred embodiment, the upper cone retainer 944 has a cross-sectional shape 
that is substantially I-shaped to provide increased rigidity and ™nwit«i the 
10 amount of material that wuuld have to be drilled out. 

The lubricator mandrel 946 is coupled to the retainer 924, the rubber cup 
926, the upper cone retainer 944, the lubricator sleeve 948, and the guide 950. 
During operation of the apparatus 900, the lubricator mandrel 946 preferably 
contains the body of lubricant in the annular region 972 for lubricating the 
15 interface between the mandrel 906 and the tubular member 902. Preferably, the 
lubricator mandrel 946 has a substantially «««ti1«t cross-section. 

The lubricator mandrel 946 may be fabricated from any number of 
conventional commercially available materials such as, for example, steel, 
aluminum or cast iron. In a preferred embodiment, the lubricator mandrel 946 is 
20 fabricated from aluminum in order to optimally provide drillability of the 
lubricator mandrel 946. 

The lubricator sleeve 948 is coupled to the lubricator mandrel 946, the 
retainer 924, the rubber cup 926, the upper cone retainer 944, the lubricator sleeve 
948, and the guide 960. During operation of the apparatus 900, the lubricator 
25 sleeve 948 preferably supports the rubber cup 926. Preferably, the lubricator 
sleeve 948 has a substantially annular cross-section. 

The lubricator sleeve 948 may be fabricated from any number of 
conventional commercially available materials such as, for examp le, steel, 
aluminum or cast iron. In a preferred embodiment, the lubricator sleeve 948 is 
30 fabricated from aluminum in order to optimally provide drillability of the 
lubricator sleeve 948. 
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As illustrated in Fig. 9c, the lubricator sleeve 948 is supported by the 
lubricator mandrel 946. The fabricator sletwe 948 in turn sui>p^ 
926. The retainer 924 couples the rubber cup 926 to the lubricator sleeve 948. In 
a preferred embodiment, seals 949a and 949b are provided between the lubricator 
5 mandr el 946, lubricator sleeve 948, and rubber cup 926 in order to optimally seal 
off the interior region 972 of the tubular member 902. 

The guide 950 is coupled to the lubricator mandrel 946, the retainer 924, 
and the lubricator sleeve 948. During operation of the apparatus 900, the guide 
950 preferably guides the apparatus on the support member 904. Preferably, the 
10 guide 950 has a substantially annular cross-eection. 

The guide 950 may be fabricated from any number of conventional 
conunerciauy available materials such as, for example, steel, aluminum or cast 
iron. In s preferred embodiment, the guide 960 is fabricated from aluminum 
order to optimally provide drillability of the guide 950. 
15 The fluid passage 952 is coupled to the mandrel 906. During operation of 
the apparatus, the fluid passage 952 preferably conveys bardenable ftaidic 
materials. In a preferred enibodiment, the fluid passage 952 is positioned about 
the centerline of the apparatus 900. In a particularly preferred embodiment, the 
fluid passage 952 is adapted to convey hardenable fhiidic materials at pressures 
20 and flow rate ranging from about0to9,<M)0 pa 
tocmtiinaflyprovidepreiwn^ 
the installation of the apparatus 900. 

The various elements of the mandrel 906 may be coupled usingany number 
of conventional process such as, for example, threaded connections, welded 
25 connections or cementing. In a preferred embodiment, the various elements of the 
mandr el 906 are coupled using threaded connections and c ement i ng . 

The shoe 908 preferably includes a housing 954, a body of cement 956, a 
sealing sleeve 958, an extension tube 960, a fluid passage 962, and one or more 
outlet jets 964. 

30 The bousing954 is coupled to the body ofceinent 956 and the lower portion 

914 of the tubular inember 902. During operation of the apparatus 900, the 
housing 954 preferably couples the lower portion of the tubular member 902 to the 
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shoe 908 to facilitate the extrusion and positioning of the tubular member 902. 
Preferably, the housing 954 has a substantially annular cross-section. 

The housing 954 may be fabricated from any number of conventional 
commercially available materials such as, for example, steel or aluminum. In a 
5 preferred embodiment, the housing 954 is fabricated from aluminum in order to 
optimally provide drillabflity of the housing 954. 

In a particularly preferred embodiment, the interior surface of the housing 
954 includes one or more protrusions to faciliate the connection between the body 
of cement 956 and the housing 954. 
10 The bocfr of cement 956 is oocpledtothehou 

958. la a prefe rre d -embodiment, the composition of the body of cement 956 is 
selected to permit the body of cement to be easQy drilled out using conventional 
drilling raflrfrmpg and processes. 

The composition of the body of cement 956 may include any number of 
15 conventional cement compositions. In an alternative embodiment, a drillable 
material such as, for example, aluminum or iron may be substituted for the body 
of cement 956. 

The sealing aleeve 958 is coupled to the body of cement 956, the extension 
tube 960, the fluid passage 962, and one or more outlet jets 964. During operation 

20 of the apparatus 900, the sealing aleeve 958 preferably is adapted to convey a 
hardenable fluidic material from the fluid passage 952 into the fluid passage 962 
and then into the outlet jets 964 in order to ixqect the hardenablefluidk material 
into an annular region external to the tubular member 902. In a preferred 
embodiment, during operation of the apparatus 900 , the sealing sleeve 958 further 

25 includes an inlet geometry that permits a conventional plug or dart 974 to become 
lodged in the inlet of the sealing sleeve 958. In this manner, the fluid passage 962 
may be blocked thereby fluidicjy isolating the interior region 966 of the tubular 
member 902. 

In a preferred embodiment, the sealing aleeve 958 has a substantially 
30 annular cross-section. The sealing sleeve 958 may be fabricated from any number 
of conventional commercially available materials such as, for example, steel, 
aluminum or cast iron. In a preferred embodiment, the sealing sleeve 958 is 
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" fabricated from aluminum in order to optimally provide drillability of the sealing 
sleeve 958. 

The extension tube 960 is coupled to the sealing sleeve 958, the fluid 
passage 962, and one or more outlet jets 964. During operation of the apparatus 

5 900, the extension tube 960 preferably is adapted to convey a liardenable fluidic 
material from the fluid passage 952 into the fluid passage 962 and then into the 
outlet jets 964 in order to inject the hardenable ftwik material into an annular 
region external to the tubular member 902. In a preferred embo dimen t, during 
operation of the apparatus 900, the sealing sleeve 960 further includes an inlet 

10 geometry that permits a conventional plug or dart 974 to become lodged in the 
inlet of the sealing sleeve 958. In this manner, the fluid passage 962 is blocked 
thereby fluidich/iinlatmg the interior region 968 of the taum^ In 
a preferred embodiment, one end of the extemrion tube 960 mates with one end of 
the spacer 938 in order to optimally faciliate the transfer of material between the 

15 two. 

In a preferred embodiment, the extension tube 960 has a substantially 
annular cross-section. The extension tube 960 may be fabricated from any number 
of conventional commercially available materials such as, for example, steel, 
aluminum or cast iron. In a preferred embodiment, the extension tube 960 is 

20 fabricated from aluminum in order to optimally provide drillability of the 
extension tube 960. 

The fluid passage 962 is coupled to the sealing sleeve 958, the extension 
tube 960, and one or more outlet jets 964. During operation of the apparatus 900, 
the fluid passage 962 is preferably conveys hardenable fluidic inaterials. In a 

25 preferred embodiment, the fluid passage 962 is positioned about the centerline of 
the apparatus 900. Inaparticulaxryprefen^ernbodimen^ 
is adapted to convey hardenable fluidic materials at pressures and flow rate 
ranging from about 0 to 9,000 pai and 0 to 3,000 gaflons/mm to order to optimally 

provide fluids at operationally efficient rates. 
30 The cmtietjets 964 are coupled to the sealing sleeve 958, thee 

960, and the fluid passage 962. During operation of the apparatus 900, the outlet 
jets 964 preferably convey hardenable fluidic material from the fluid passage 962 
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to the region exterior of the apparatus 900. In a preferred embodiment, the shoe 
908 includes a plurality of outlet jets 964. 

In a preferred embodiment, the outlet jets 964 comprise passages drilled in 
the housing 954 and the body of cement 956 in order to amplify the construction 
5 of the apparatus 900. 

The various elements of the shoe 908 may be coupled using any number of 
conventional process such as, for example, threaded connections, cement or 
machined from one piece of material In a p r ef erred embodiment, the various 
elements of the shoe 908 are coupled using cement 
10 In a preferred embodiment, the assembly 900 is operated substantially as 

described above with reference to Figs, 1-8 to create a new section of casing in a 
wellbore or to repair a wellbore casing or pipeline. 

In particular, in order to extend a wellbore into a subterranean formation, 
a drill string is used in a well known manner to drill out material from the 
15 subterranean formation to form a new section. 

The apparatus 900 for forming a wellbore casing in a subterranean 
formation is then positioned in the new section of the wellbore. In a particularly 
preferred embodiment, the apparatus 900 includes the tubular member 915. Ina 
preferred embodiment, a hardenable fluidic sealing hardenable fluidic sealing 
20 material is then pumped from a surface location into the fluid passage 918. The 
hardenable fluidic sealing material than passes from the fluid passage 918 into the 
interior region 966 of the tubular member 902 below the mandrel 906. The 
hardenable fluidic sealing material then passes from the interior region 966 into 
the fluid passage 962. The hardenable fluidic sealing material then exits the 
25 apparatus 900 via the outlet jets 964 and fills an annular region between the 
exterior of the tubular member 902 and the interior wall of the new section of the 
wellbore. Crmtmnflrf pumping ofthehaxdanahlefluidfc sealing material causes the 
material to fill up at least a portion of the annular region. 

The hardenable fluidic sealing material is preferably pumped into the 
30 annular region at pressures and flow rates ranging, for example, from about 0 to 
5,000 psi and 0 to 1,500 gallons/min, respectively. In a pre f erred embodiment, the 
hardenable fluidic sealing material is pumped into the fwymjluT region at pressures 
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and flow rates that are designed for the specific wellbore section in order to 
optimize the displacement of the hardenable fluidic sealing material while not 
creating high enough circulating pressures such that circulation might be lost and 
that could cause the wellbore to collapse. The optimum pressures and flow rates 
5 are .MAmhiv Aat^mmttA ushur conventional empirical methods. 



The hardenable fluidic sealing material may comprise any number of 
conventional commercially available hardenable fluidic sealing materials such as, 
for example, slag mix, cement or epoxy. In a preferred embodiment, the 
hardenable fluidic sealing material comprises blended cements designed 
10 specifically for the well Bection being lined available from Hafflburton Energy 
Services in Dallas, TX in order to optima% provide support tetb* new tubular 
member while also mamtaining optimal flow characteristics so as to minimize 
operational difficulties during the displacement of the cement in the annular 
region. The optimum composition of the blended cements is preferably determined 
15 using conventional empirical methods. 

The annular region preferably is filled with the hardenable fluidic sealing 
material in sufficient quantities to ensure that, upon radial expansion of the 
tubular member 902, the annular region of the new section of the wellbore will be 
fiQed with hardenable material. 
20 Once the annular region has been adequately filled with hardenable fluidic 
aeanng material, a prog or dart 974, or other similar device, preferably is 
introduced into the fluid passage 962 thereby fluidicly isolating the interior region 
966 of the tubular member 902 from the external annular region. In a preferred 
embodiment, a non hardenable fluidic material is then pumped into the interior 
25 region 966 causing the interior region 966 to pressurize. In a particularly 
preferred embodiment, the plug or dart 974, or other similar device, preferably is 
introduced into the fluid passage 962 by mtroduring the plug or dart 974, or other 
amilflT device into the non hardenable fluidic material. In this manner, the 




30 is minimized. 

Once the interior region 966 becomes sufficiently pressurized, the tubular 
members 902 and 915 are extruded off of the mandrel 906. The mandrel 906 may 
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be fixed or it may be expandible. During the extrusion process, the mandrel 906 
is raised out of the expanded portions of the tubular members 902 and 915 using 
the support member 904 During this extrusion process, the shoe 908 is preferably 
substantially stationary. 
5 The plug or dart 974 is preferably placed into the fluid passage 962 by 

introducing the plug or dart 974 into the fluid passage 918 at a surface location in 
a conventional manner. The plug or dart 974 may comprise airy number of 
conventional commercially available devices for plugging a fluid passage such as, 
for example, Multiple Stage Cementer (MSO latch-down ping, Omega latch-down 

10 plug or three-wiper latch down plug modified in accordance with the trarhings of 
the present disclosure. In a preferred embodiment, the phig or dart 974 comprises 
a MSG latch-down plug available from Halliburton Energy Services in Dallas, TX. 

After placement of the plug or dart 974 in the fluid passage 962, the non 
hardenable fluidic material is preferably pumped into the interior region 966 at 

15 pressures and flow rates ranging from approximately 500 to 9,000 psi and 40 to 
3,000 gallons/min in order to optimally extrude the tubular members 902 and 915 
off of the mandrel 906. 

For typical tubular members 902 and 915, the extrusion of the tubular 
members 902 and 915 off of the expandable mandrel will begin when the pressure 

20 of the interior region 966 reaches approximately 500 to 9,000 psi. In a preferred 
embodiment, the extrusion ofthe tubular members 902 and 915 off of the mandrel 
906 begins when the pressure ofthe interior region 966 reaches approximately 
1,200 to 8,500 psi with a flow rate of about 40 to 1250 gallons/minute. 

During the extrusion process, the mandrel 906 may be raised out of the 

25 expanded portions of the tubular members 902 and 915 at rates ranging, for 
example, from about 0 to 6 ft/sec. In a preferred embodiment, during the extrusion 
process, the mandrel 906 is raised out of the expanded portions of the tubular 
members 902 and 915 at rates ranging from about 0 to 2 ft/sec in order to 
optimally provide pulling speed fast enough to permit efficient operation and 

30 permit full expansion of the tubular members 902 and 915 prior to curing ofthe 
hardenable fluidic sealing material; but not so fast that timely adjustment of 
operating parameters during operation is prevented. 
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When the upper end portion of the tubular member 915 is extruded off of 
the mandrel 906, the crater surface of the upper end portion of the tubular member 
915 will preferably contact the interior surface of the lower end portion of the 
ArigtiTig casing to form an fluid tight overlapping joint . The contact pressure of the 
5 overlapping joint may range, for example, from approximately 50 to 20,000 psL In 
a prefer red embodiment, the contact pressure of the overlappingjoint between the 
upper end of the tubular member 915 and the existing section of wellbore casing 
ranges from approximately 400 to 10,000 psi in order to optimally provide contact 
pressure to activate the sealing members and provide optimal resistance such that 
10 the tubular member 915 ?tiH meting wglThnra raring will carry typical tensile and 
compressive loads. 

In a preferred embodiment, the operating pressure and flow rate of the non 
hardenable fluidic material will be controllably ramped down when the mandrel 
906 r ead ie s the upper end portion of the tubular member 915. In this manner, the 

15 sudden release of pressure caused by the complete extrusion of the tubular 
member 915 off of the expandable mandrel 906 can be minimised In a preferred 
embodiment, the operating pressure is reduced in a substantially linear fashion 
from 100% to about 10% during the end of the extrusion process beginning when 
the mandrel 906 has completed approximately all but about the last 5 feet of the 

20 extrusion process. 

In an alternative preferred embodiment, the operatingpressure and/or flow 
rate of the hardenable fluidic sealing material and/or the non hardenable fluidic 
material are controlled during all phases of the operation of the apparatus 900 to 
minimise shock, 

25 Alternatively, or in combination, a shock absorber is provided in the support 

member 904 in order to absorb the shock caused by the sudden release of pressure. 

Alternatively, or in combination, a mandrel catching structure is provided 
above the suppo rt member 904 in order to catch or at least decelerate the mandre 1 
906. 

30 Once the extrusion process is completed, the mandrel 906 is removed from 

the wellbore. In a preferred embodiment, either before or after the removal of the 
mandrel 906, the integrity of the fluidic seal of the overlappingjoint between the 
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upper portion of the tubular member 915 and the lower portion of the existing 
casing is tested using ccmrnitfr™*! methods. If the fluidic seal of the overlapping 
joint between the upper portion of the tubular member 915 and the lower portion 
of the existing casing is satisfactory, ***** the uncured portion of any of the 
5 hardenable flnidic sealing material within the expanded tubular member 915 is 
then irrmr^H rn ft w+ p fa**** The hardenable fluidic sealing material 
within the annular region between the expanded tubular member 915 and the 
existing casing and new section of wellbore is then allowed to cure. 

Preferably any remaining cured hardenable fluidic sealing material within 

10 the interior of the expanded tabular members 

fpnypnttA"* 1 Twqmwriigmgfl tymrehtiflMl drill string, The resulting new section 
of rasing prffrra Hy tnrfudflff the ft*p« tnhtilr members flQ2 ™d 915 and * n 
outer annular layer of cured hardenable fluidic sealing material The bottom 
portion of the apparatus 900 comprising the shoe 908 may then be removed by 

15 drilling out the shoe 908 using conventional drilling methods. 

In an alternative embodiment, during the extrusion process, it may be 
necessary to remove the entire apparatus 900 from the interior ofthe wellbore due 
to a malfunction. In this circumstance, a conventional drill string is used to drill 
out the interior sections of the apparatus 900 in order to facilitate the removal of 

20 the remaining sections. In a p r efe rred embodiment, the interior elements ofthe 
apparatus 900 are fabricated from materials such as, for example, cement and 
aluminum, that permit a conventional drill string to be employed to drill out the 
interior components. 

In particular, in a preferred embodiment, the composition ofthe interior 

25 sections of the mandrel 906 and shoe 908, including one or more of the body of 
cement 932, the spacer 938, the sealing sleeve 942, the upper cone retainer 944, 
the lubricator mandrel 946, the lubricator sleeve 948, the guide 950, the housing 
954, the body of cement 956, the sealing sleeve 958, and the extension tube 960, 
are selected to permit at least some of these components to be drilled out using 

30 conventional drilling methods and apparatus. In this manner, in the event of a 
malfunction downhole, the apparatus 900 may be easily removed from the 
wellbore. 
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Referring now to Figs. 10a, 10b, 10c, 10d, lOe, lOf, and lOg a method and 
apparatus for creating a tie-back liner in a wellbore will now be described As 
illustrated in Fig. 10a, a wellbore 1000 positioned in a subterranean formation 
1002 includes a first casing 1004 and a second casing 1006. 

5 The first rasiriglCXH preferably inchid^ 
annumslOW. The second casing 1006 preferably includes a tubular liner 1012 
and a cement annulua 1014. In a preferred embodiment, the secoiid casing 1006 
is formed rv expanding a tubular men^ 
reference to Figs. l-9c or below with reference to Figs, lla-llf. 

10 In a particularly preferred einbodment, an upper portion <rf the tubular 
linerl012o*erlai»witaal^^ 

preferred embodiment, an outer surface of the upper portion of the tubular liner 
1012 includes one or more sealing members 1016 for providing a fiuidic seal 
between the tubular liners 1008 and 1012. 
15 Referring to Fig. 10b, in order to create a tie^ Imer that extends ftom 

the overlap between the first and second casmga, 1(»4 aim 1006, an aimaratus 
1100 is preferably provided that includes an expandable mandrel or pig 1 105, a 
tubular member 1110, a shoe 1116, one or more cup seals 1120. a fluid passage 
1130, a fluid passage 1136, one or more fluid passages 1140. seals 1145, and a 
20 support member 1150. 

The expandable mandrel or pig 1105 is coupled to and supported by the 
support member 1150. The expandable mandrel 1105 is preferably adapted to 
controllably expand in a radial direction. The expandable mandrel 1105 may 
wmpriseanynunu^rofconventioi^ 
25 mcdifienmaccordance with the teacbingsofti^ In a preferred 

embodiment, the expandable mandrel 1105 comprises a hydraulic expansion tool 
substantially as disclosed in UA Pat. No. 5,348,095. the disclosure of which is 
incorporated herembyr^ 
present disclosure. 

30 The tubular member 1110 is coupled to and supported by the expandable 
mandrel 1105. The tubularmember 1105 is expanded m the radial oirectto 
extruded off of the expandable mandrel 1105. The tubular member 1110 may be 
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fabricated from any number of materials such as, for example, Oilfield Country 
Tub ular Goods, 18 chromkim tubing or plastic piping. In a preferred embodiment, 
the tubular member 1110 is fabricated from Oilfield Country Tubular Goods. 
The inner and outer diameters of the tubular member 1110 may range, for 
5 example, from approximate 
In a preferred embodiment, the inner andouterdiametowofthe tubular member 
1110 range from about 3 to 15.6 inches and 3.6 to 16 inches, respectively in order 
to optimally provide coverage for typical oilfield casing sues. The tubular member 
1110 preferably comprises a solid member. 

10 In a preferred embodiment, the upper end portion of the tubular member 
1110 is slotted, perforated, or otherwise modified to catch or slow down the 
mandrel lira when n>mpfrfrH» the ffrn^fan tnhntor member mo. In a 
preferred embodiment, the length of the tubular member 1110 is limited to 
minimise the possibility of buckling. For typical tubular member 1110 materials, 

15 the length of the tubular member 1110 is preferably limited to between about 40 
to 20,000 feet in length. 

The shoe 1115 is coupled to the expandable mandrel 1105 and the tubular 
member 1110. The shoe 11 15 includes the fluid passage 1136. The shoe 1115 may 
comprise any number of conventional commercially available shoes such as, for 

20 example, Super Seal Efloat s^ 

with a sealing sleeve for a latch down plug modified in accordance with the 
teachings of the present disclosure. In a preferred embodiment, the shoe 1115 
comprises an aluminum down-jet guide shoe with a sealing sleeve for a latch-down 
plug with side ports radiating off of the exit flow port available from Halliburton 

25 Energy Services in Dallas, TX, m od ifie d in accordance with the teachings of the 
present disclosure, in order to optimally guide the tubular member 1100 to the 
overlap between the tubular member 1100 and the casing 1012, optimally fluididy 
isolate the interior of the tubular member 1100 after the latch down plug has 
seated, and optimally permit drilling out of the shoe 1116 after completion of the 

30 expansion and cementing operations. 

In a preferred embodiment, the shoe 1115 includes one or more side outlet 
ports 1140 in fluidic communication with the fluid passage 1135. In this manner, 
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the shoe 11 15 injects hardenable fhiidic sealingmaterial into the region outside the 
shoe 1115 and tubular member 1110. In a preferred embodiment, the shoe 1115 
includes one or more of the fluid passages 1 1 40 each having an inlet geometry that 
can receive a dart and/or a ball sealing member. In this manner, the fluid passages 
5 1 140 can be sealed off by introducing a phig, dart and/or ball sealing elements into 
the fluid passage 1130. 

The cup seal 1120 is coupled to and supported by the support member 1150. 
The cup seal 1120 prevents foreign materials from entering the interior region of 
the tubular member 1110 a4jacent to the expandable mandrel 1105. The cup seal 
10 1120 may comprise any number of conventional commercially available cup Beals 
such as, for example, TP ai^ 

accordance with the teachings of the present disclosure. In a preferred 
embodiment, the cup seal 1120 comprises a SIP cup, available from Halliburton 
Energy Services in Dallas, TX in order to optimally provide a barrier to debris and 
15 contain a body of lubricant. 

The fluid passage 1130 permits fluidic materials to be transported to and 
from the interior region of the tubular member 1110 below the expandable 
mandrel 1105. The fluid passage 1130 is coupled to and positioned within the 
support member 1150 and the expandable mandrel 1105. The fluid passage 1130 
20 preferably extends from a position adjacent to the surface to the bottom of the 
expandable mandrel 1105. The fluid passage 1130 is preferably positioned along 
a centerline of the apparatus 1100. The fluid passage 1130 is preferably selected 
to transport materials such as cement, drilling mud or epoxies at flow rates and 
pressures ranging from about 0 to 3,000 gallons/minute and 0 to 9,000 psi in order 
25 to optimally provide sufficient operating pressures to circulate fluids at 
operationally efficient rates. 

The fluidpassage 1135 permits fluidicmaterialstobetransndttedfromlh^ 
passage 1130 to the interior of the tubular member 1110 below the mandrel 1105. 
The fluid passages 1 140 permits fluidic materials to be transported to and 
30 from the region exterior to the tubular member 1110 and shoe 1115. The fluid 
passages 1140 are coupled to and positioned within the shoe 1115 in fluidic 
communication with the interior region of the tubular member 1110 below the 
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expandable mandrel 1105. The fluid passages 1140 preferably have a cross- 
sec tiona 1 shap e that permits a plug, or other similar device, to be placed in the fluid 
passages 1140 to thereby block further passage of fluidic materials. In this 
manner , the interior region of the tubular member 1110 below the expandable 
5 mandrel 1105 can be fluidicly isolated from the region exterior to the tubular 
member 1105. This permits the interior region of the tubular member 1110 below 
the expandable mandrel 1105 to be pressurised. 

The fluid passages 1140 are preferably positioned along the periphery of the 
shoe 1115. The fluid passages 1140 are preferably selected to convey materials 

10 such as cement, drilling mud or epoxies at flow rates and pressures ranging from 
about 0 to 3,000 gallons/minute and 0 to 9,000 pei in order to optimally fill the 
annular region between the tubular member 1110 and the tubular liner 1008 with 
fluidic materials. In a preferred embodiment, the fluid passages 1140 include an 
inlet geometry that can receive a dart and/or a ball sealing member. In this 

15 manner, the fluid passages 1140 can be sealed off by introducing a plug, dart 
and/or ball sealing elements into the fluid passage 1130. In a preferred 
embodiment, the apparatus 1 100 includes a plurality of fluid passage 1 140 . 

In an alternative embodiment, the base of the shoe 1115 includes a single 
inlet passage coupled to the fhxid passages 1140 that is adapted to receive a plug, 

20 or other similar device, to permit the interior region of the tubular member 1 1 10 
to be fluidicly isolated from the exterior of the tubular member 1110. 

The seals 1145 are coupled to and supported by a lower end portion of the 
tubular member 1110. The seals 1145 are further positioned on an outer surface 
of the lower end portion of the tubular member 1110. The seals 1145 permit the 

25 overlapping joint between the upper end portion of the casing 1012 and the lower 
end portion of the tubular member 1110 to be fluidicly sealed. 

The seals 1145 may comprise any number of conventional commercially 
available seals such as, for example, lead, rubber, Teflon or epoxy seals modified 
in accordance with the teachings of the present disclosure. In a preferred 

30 embodiment, the seals 1145 comprise seals molded from Stratalock epoxy available 
from Halliburton Energy Services in Dallas, TX in order to optimally provide a 
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hydrauUc seal m the overfapp^ 

to withstand the range of typical tensile and compressive loads. 

In a preferred embodiment, the seals 1145 are selected to optimally provide 
a8uffirientfru*oi^ 
5 tubular liner 1008. Inapitferredembcdim^ 
seals 1145 ranges fiom about 1,000 to 1,000,000 Ibf in tension and compression in 
order to optimally support the expanded tubular member 1110. 

The support member 1150 is coupled to the expandable mandrel 1105, 
tubular member 1110. shoe 1115, and seal 1120. The support member 1150 
10 preferably comprises an annnh^ 

ai^aratuallWiito tba wellbbreim In a preferred embodiment, the support 
Bember 1160 further includes one or more conventional centralixers (not 
illustrated) to help stabilize the tabular member 1110. 

In a preferred embodiment, a quantity of lubricant 1160 is provided in the 
15 annular region above the expandable mandrel 1106 withm the interior of the 
tubular member 1110. m this nuumer, the extrusion tf^ 
off of the expandable mandrel 1105 is facilitated. The lubricant 1150 may 
comprise any number of conventional commercially available lubricants such as. 
for example, I^kte.chkrii^basedlubricantsor Climax 1500 Antiaeize (3100). 

= — 1500 Antiaeize 




20 In a ■> *■ ■ - — — — 

(3100) available from Climax Lubricants and Equipment Co. in Houston, TX in 

order to optimally provide lubrication for the extrusion process. 
Inapreferredembodunent,thesupport 

prior to assembly to the renaming portions of the apparatus 1100. In this 
25 nianner.themtroductionoffow 

This minimizes the possibility of foreign material dogging the various flow 

passages and valves of the apparatus 1100 andtoensu^ 

interferes with the expansion mandrel 1105 during the extrusion process. 

In a particularly preferred einb()diment, the apparatus 1100 includes a 
30 packer 1155 coupled to the bottom section of the shoe 1115 for fluidicly isolating 

the region of the wellbore 1000 below the apparatus 1100. In this manner, fluid* 

materials are prevented from entering the region of the wellbore 1000 below the 
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apparatus 1100. The packer 1155 may comprise any number of conventional 

commercially available packers such as, for example, EZ Drill Packer, EZ SV 

Packer or a drillable cement retainer. In a preferred embodiment, the pac ker 

1155 comprises an EZDrm Packer availaW 
5 Dallas, TX. In an alternative embodiment, a high gel strength pill may be set 

below the tie-back in place of the packer 1155. In another alternative embodiment, 

the packer 1155 may be omitted. 

In a preferred embodiment, before or after positioning the apparatus 1100 

within the wellbore 1 100, a couple of wellbore volumes are circulated in order to 
10 ensure that no foreign materiak are locate 

dog \q> the various fkw passages and valves rf 

that no foreign material interferes with the operation of the expansion mandrel 
1105. 

As illustrated in Fig. 10c, a hardenable fluidfcsealingmaterial 1160 is then 

15 pumped from a surface location into the fluid passage 1130. The material 1160 
then passes from the fluid passage 1 130 into the interior region of the tubular 
member 1110 below the expandable mandrel 1105. The material 1160 then passes 
from the interior region of the tubular member 1110 into the fluid passages 1140. 
The material 1160 then exits the apparatus 1100 and fills the annular region 

20 between the exterior of the tubular member 1110 and the interior wall of the 
tubular liner 1008. Continued pumping of the material 1160 causes the material 
1160 to fill up at least a portion of the annular region. 

The material 1160 maybe pumped into the annular region at pressures and 
flow rates ranging, for example, from about 0 to 5,000 psi and 0 to 1,500 

25 gallona/min, respectively. Inaprefared rnihorimie nt, the m aterial 1160 is pumped 
into the annular region at pressures and flow rates specifically designed for the 
casing sizes being run, the annular spaces being filled, the pumping equipment 
available, and the properties of the fluid being pumped. The optimum flow rates 
and pressures are preferably calculated using conventional empirical methods. 

30 The hardenable fhiidic sealing material 1160 may comprise any number of 

conventional commercially available hardenable fluidic sealing materials such as, 
for example, slag mix, cement or epoxy. In a preferred embodiment, the 
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hardenable fluidic sealing material 1160 comprises blended cements specifically 
designed for well section being tied-back, available from Halliburton Energy 
Services in Dallas, TX in order to optimally provide proper support for the tubular 
member 1110 while mamtaiiung opto 
5 operational difficulties during the displacement of cement in the annular region. 
The optimum blend of the blended cements are preferably determined using 

conventional empirical methods. 

The annular region may be filled with the material 1160 in sufficient 
quantities to ensure that, upon radial expansion of the tubular member 1110, the 
10 annular region will be filled with material 1160. 

AaillustxatedrnFig-lOd, once the annular 
with material 1160, one or more plugs 1166, or other similar devices, preferably 
axe introduced into the fluid passages 1140 thereby fiuidicly isolating the interior 
region of thetabularmemberlllOfrom 
15 member 1110. Inapreferredemb<xIiment,anonte 

is then pumped into the interior region of tbe tubular member 1110 below the 
mandrel 1105 causing the interior region to pressurize. Inaparticularlypreferred 
embodiment, the one or more plugs 1165, or other similar devices, are introduced 
into the fluid passage 1140 with the introduction of the non bardenabie thiidic 
20 material. In this manner, the amount of hardenable fluidic material within the 
interior of the tabular member 1110 is minimi mi 

As illustrated in Fig. 10e, once the interior region becomes sufficiently 
pressurized, the tabular member 1110 is extruded off of the expandable mandrel 
1105. During the extrusion process, tbe expandable mandrel 1105 is raised out of 
25 the expanded portion of the tubular member 1110. 

The plugs 1165 are preferably placed into the fluid passages 1140 by 
mtro<hicing the plugs 1165 into the fluid passage 1130 at a surface location in a 
conventional manner. The plugs 1 165 may comprise any number of conventional 
commerciaflyavailabkderices from plugging 
30 brass balls, plugs, rubber balls, or darts modified in accordance with the teachings 
of the present disclosure. 
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In a preferred embodiment, the plugs 1165 comprise low density rubber 
balls. In an alternative embodiment, for a shoe 1106 having a common central 
inlet passag e, the plugs 1165 comprise a single latch down dart 

After placement of the plugs 1165 in the fluid passages 1140, the non 
5 hardenable fluidic material 1161 is preferably pumped into the interior region of 
the tubular member 1110 below the mandrel 1105 at pressures and flow rates 
r anging from approximately 500 to 9,000 psi and 40 to 3,000 gallons/min. 
In a preferred embodiment, after placement of the plngB 1165 in the fluid passages 
1140, the non frqi«i<»n«hu» fluidic material 1161 is preferably pumped into the 

10 interior region of the tubular member 1110 below the mandrel 1105 at pressures 
and flow rates ranging from appro x im ate^ 1200 to 8500 psi and 40 to 1250 
gallona/hun in order to optimally provide extrusion of typical tubulars. 

For typical tubular members 1110, the extrusion of the tubular member 
1110 off of the expandable mandrel 1105 will begin when the pressure of the 

15 interior region of the tubular member 1110 below the mandrel 1105 reaches, for 
example, approximately 1200 to 8500 psL In a preferred embodiment, the 
extrusion of the fr |hii i* r member 1110 off of the expandable mandrel 1105 begins 
when the pressure of the interior region of the tubular member 1110 below the 
mandrel 1 105 reaches approximately 1200 to 8500 psL 

20 During the extrusion process, the expandable mandrel 1105 may be raised 

out of the expanded portion of the tubular member 1110 at rates ranging, for 
example, from about 0 to 5 ft/sec In a preferred embodiment, during the extrusion 
process, the expandable mandrel 1105 is raised out of the expanded portion of the 
tubular member 1110 at rates ranging from about 0 to 2 fVsec in order to optimally 

25 provide permit a4justment of operational parameters, and optimally ensure that 
the extrusion process will be completed before the material 1 160 cures. 

In a preferred embodiment, at least a portion 1 180 of the tubular member 
1110 has an internal diameter less than the outside diameter of the mandrel 1105. 
In this manner, when the mandrel 1105 expands the section 1180 of the tubular 

30 member 1110, at least a portion of the expanded section 1180 effects a seal with 
at least the wellbore casing 1012. In a particularly preferred embodiment, the seal 
is effected by compressing the seals 1016 between the expanded section 1180 and 
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the wellbore casing 1012. In a preferred embodiment, the contact pressure of the 
joint between the expanded section 1180 of the tubul«r member 1110 and the 
casing 1012 ranges from about 500 to 10,000 pri in order to opthnally provide 
pressure to activate the sealiiig members 1145 and prov^ 
5 ensure that the joint will withstand typical extremes of tensile and compressive 
loads. 

In an alternative preferred embodiment, substantially all of the entire 
lengthof the tubular member 1110 has an mternid diameter less than the outsu^ 
diameter of the mandrel 1105. In this manner, extrusion of the tubular member 

10 1110 by the mandrel 1105 results in contact between substantially all of the 
expanded tobular member 1110 aim In a preferred 

embodiment, the contact pressure of the joint betwe« 
member 1110 and the casings 1008 and 1012 ranges from about 500 to 10,000 pa 
in order to optimally provide pressure to activate the sealmg members 1145 and 

15 provide (mWresistencetoensure that tee jomt wm 

of tensile and compressive loads. 

In a preferred embodiment, the operating pressure and flow rate of the 
material 1161 is controllably ramped down when lie expandable mandrel 1105 
reaches the upper end portion of the tubular member 1110. In this manner, the 
20 sudden release of pressure caused by the cooptete extrumon of the tubular 
mem ber wo msmk* w**ri IM m* * ******* 

preferred embodiment, the operating pressure of the fluidic material 1161 is 
reduced in a substantially linear fashion from 100% to about 10% during the end 
of the extrusion process beginning when the mandrel 1105 has completed 
25 approximately all but about 5 feet of the extrusion process. 
Altenmtively.ormrombii^ 
member 1150 in order to absorb the shock caused by the sudden release of 

pressure. 

Alternatively, or in combination, a mandrel etching structure is provided 
30 in the upper end portion of the tubular member 11 10 in order to catch or at least 
decelerate the mandrel 1105. 



Referring to Fig. 10f, once the extrusion process is completed, the 
expandable mandrel 1106 is removed from the wellbore 1000. In a preferred 
embodiment, either before or after the removal of the expandable mandrel 1105, 
the integrity of the fluidic seal of the joint between the upper portion of the 
5 tubular member 1110 and the upper portion of the tubular liner 1108 is tested 
us in g conventional methods. If the fluidic seal of the joint between the upper 
portion of the tubular member 1110 and the upper portion of the tubular liner 
1008 is satisfactory, then the uncuied portion of the material 1160 within the 
expanded tubular member 1110 is then removed in a conventional manner. The 

10 material 1160 within the ^nnter region between the tubular member 1110 and 
the tubular liner 1008 is then allowed to cure. 

As illustrated in Fig. 1% preferably any remaining cured material 1160 
within the interior of the expanded tubular member 1110 is then removed in a 
conventional manner using a conventional drill string. The resulting tie-back liner 

15 of casing 1170 includes the ^rp»pHpH tubular member 1110 and an outer annnlar 
layer 1175 of cured material 1160. 

As illustrated in Fig. 10g, the remaining bottom portion of the apparatus 
1100 comprising the shoe 1115 and packer 1155 is then preferably removed by 
drillin g out the shoe 1115 and packer 1155 using conventional drilling methods. 

20 In a particularly preferred embodiment, the apparatus 1 100 incorporates 

the apparatus 900. 

ReferringnowtoFigs. lla-llf, an embodiment of an apparatus and method 
for hanging a tubular liner off of an existing wellbore casing will now be described. 
As illustrated in Fig. 11a, a wellbore 1200 is positioned in a subterranean 

25 formation 1205. The wellbore 1200 includes an existing cnfflri section 1210 having 
a tubular casing 1215 and an annular outer layer of cement 1220. 

In order to extend the wellbore 1200 into the subterranean formation 1205, 
a drill string 1225 la used in a well known manner to drill out material from the 
subterranean formation 1205 to form a new section 1280. 

30 As illustrated in Fig. lib, an apparatus 1300 for formings wellbore caring 

in a subterranean formation is then positioned in the new section 1230 of the 
wellbore 100. The apparatus 1300 preferably includes an e xp a n dable mandrel or 
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pig 1305,atubular member 1310.ashoe^ 

1330, a fluid passage 1336, seals 1340, a support member 1345, and a wiper plug 
1350. 

The expandable mandrel 1305 is coupled to and supported by the support 

5 member 1345. Tte expandable niaiidrel 1305^ 
expand in a radial direction. The expandable mandrel 1305 may comprise any 
number of conventional commercially available expandable mandrels modified in 
accordance with the teachings of the present disclosure. In a preferred 
embodiment, the expandable mandrel 1305 comprises a hydraulic expansion tool 

10 substantially as disclosed in UiJ. Pat No. 5,348,095, the disclosure of which is 
incorporatedheremby reference, modtt^ 

present disclosure. 

The tubular member 1810 is coupled to and supported by the expandable 
mandrel 1305. The tubular member 1310 is preferably expanded in the radial 

15 directionandextnidedoffoftheexpandablemandrell305. The tubular member 
1310 may be fabricated from any number of materials such as, for example, Oilfield 
Country Tubular Goods (OCTG), 13 cbroniium steel tubing/casing or plastic 
casing. In a preferred embodiment, the tubular member 1310 is fabricated from 
OCTG. The inner and outer diameters of the tubular member 1310 may range, for 

20 example, from approxinu^^ 
to apreferredeinbodiment, theiiu^ 

1310 range from about 3 to 15.5 inches and 3.5 to 16 inches, respectively in order 

tooptimalfyprovideinininial^ 

wellbore sixes. 

25 In a preferred embodiment, the tubular member 1310 includes an upper 
portion 1355, an intermediate portion 1360, and a lower portion 1865. In a 
preferred embodiment, the wall thickness and outer diameter of the upper portion 
1355 of the tubular member 1310 range from about 3/8 to 1 % inches and 3 to 
16 inches, respectively. In a preferred embodiment, the wall thickness and outer 

30 diameter ofthemtermediate portion 1360 of the tubular 

about 0.625 to 0.75 inches and 3 to 19 inches, respectively. In a preferred 
embodiment, the wall thickness and outer diameter of the lower portion 1365 of 
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the tubular member 1310 range from about 3/8 to l^incto 
respectively. 

In a particularly preferred embodiment, the wall thickness of the 
intermediate section 1360 of the tubular member 1310 is less 
5 waU thickness of the ui^ and lower secti^ 1355 and 1365, of the tubular 
member 1310 in order to optimally facfliate the i n i ti a ti on of the extrusion process 
<md optimally permit the placement of the apparatus in areas of the wellbore 
having tight clearances. 

The tubular member 1310 preferably comprises a solid member. In a 
10 preferred embodiment, the upper end portion 1355 of the tubular member 1310 
is slotted, perforated, or otherwise modified to catch or slow down the mandrel 
1305 when it completes the extrusion of tubular -member 1310. In a preferred 
embodiment, the length of the tubular member 1310 is limited to minimize the 
possibility of buckling. For typical tabular member 1310 materials, 
15 the tubular member 1310 is preferably limited to between about 40 to 20,000 feet 
in length. 

The shoe 1315 is coupled to the tubular member 1310. The shoe 1315 
preferably includes fluid passages 1330 and 1335. The shoe 1315 may comprise 
any number of conventional commercially available shoes such as, for example, 

20 Super Seal H float shoe, Su^ 

sealing sleeve for a latchrdown plug modified in accordance with the teac^^ 
the present disclosure. In a preferred embodiment, the shoe 1315 comprises an 
aluminum down-jet guide shoe with a sealing sleeve fbralatch-downphig available 
from Halliburton Energy Services in Dallas, TX, modified in accordance with the 

25 teachings of thepreaent disclosure, in order to optimally guide the tubular member 
1310 into the wellbore 1200, optimally fluidicry isolate the interior of the tubular 
member 1310, and optimally permit the complete drill out of the shoe 1315 upon 
the completion of the extrusion and cementing operations. 

In a preferred embodiment, the shoe 13 15 further includes one or more side 

30 outlet porta in fhtfriir communication «*h tha fluid passage 1330. In t his manner , 
the shoe 1315 preferably injects hardenable ftuidk sealing material into the region 
outside the shoe 1315 and tubular member 1310. In a preferred embodiment, the 
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shoe 1315 includes the fluid passage 1330 having an inlet geometry that can 
receive a fhiidic sealing member. In this manner, the fluid passage 1330 can be 
sealed off by introducing a plug, dart and/or ball sealing elements into the fluid 
passage 1330. 

6 The fluid passage 1320 permits fhiidic materials to be transported to and 

from the interior region of the tubular member 1310 below the expandable 
mandrel 1305. The fluid passage 1320 is coupled to and positioned within the 
support member 1345 and the expandable mandrel 1305. The fluid passage 1320 
preferably extends from a position adjacent to the surface to the bottom of the 

10 expandabte mandrel 1305. The fluid passage 1320 is preferably positioned along 
a centerline of the apparatus 1300. The fluid passage 1320 is preferably selected 
to transport materials such as cement, drittmg mud, or epaxies at flow rates and 
pressures ranging from about 0 to 3,000 gallomVminute and 0 to 9,000 psi in order 
to optimally provide sufficient operating pressures to circulate fluids at 

15 operationally efficient rates. 

The fluid passage 1330 permits fluidic materials to be transported to and 
from the region exterior to the tubular member 1310 and shoe 1315. The fluid 
passage 1330 is coupled to and positioned within the shoe 1315 in fhiidic 
communication with the interior region 1370 of the tubular member 1310 below 

20 the expandable mandrel 1305. The fluid passage 1330 preferably has a cross- 
sectional shape that penmte a plug, or oth^ 

passage 1330 totherebyblockfbjtherp^ In this manner, 

the interior region 1370 of the tubular member 1310 below the expandable 
mandrel 1305 can be fluidicly isolated from the region exterior to the tubular 

25 member 1310. This permits the interior region 1370 of the tubular member 1310 
below the expandable mandrel 1305 to be pressurized. The fluid passage 1330 is 
preferably positioned substantially along the centerline of the apparatus 1300. 

The fluid passage 1330 is preferably 8elected to convey materials such as 
cement, drilling mud or epoxies at flow rates and pressure* rangb^ 

30 to 3,000 gaUonafaunute and 0 to 9,000 psi in order to optmmlly fill tbe amnuar 
region between the tubular member 1310and the ne^ 

m0 with fhiidic materials. In a preferred embodiment, the fluid passage 1330 
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includes an inlet geometry that can receive a dart and/or a ball sealing member. 
In this manner, the fluid passage 1330 can be sealed offby introducing a plug, dart 
and/or ball sealing elements into the fluid passage 1320. 

The fluid passage 1335 permits fiuidic materials to be transported to and 
6 from the region exterior to the tabular member 1310 and shoe 1315. The fluid 
passage 1335 is coupled to and positioned within the shoe 1315 in fiuidic 
co mmunicatio n with the fluid passage 1330. The fluid passage 1335 is preferably 
positioned substantially along the centerline of the apparatus 1300. Hie fluid 
passage 1335 is preferably selected to convey materials such as cement, drilling 

10 mud or epoxiee at flow rates and pressures ranging from about 0 to 3,000 
gaflona/minute and 0 to 9,000 pd in order to optimally fill the annular region 
between the tubular member 1 3 10 and the new section 1230 of the wellbare 1200 
with fiuidic materials 

The seals 1340 are coupled to and supported by the upper end portion 1355 

15 of the tubular member 1310. The seals 1340 are further positioned on an outer 
surface of the upper end portion 1355 of the tubular member 1310. The seals 1340 
permit the overlapping joint between the lower end portion of the casing 1215 and 
the upper portion 1355 of the tubular member 1310 to be fluididy sealed. The 
seals 1340 may comprise any number of conventional commercially available seals 

20 such as, for example, lead, rubber, Teflon, or epaxy seals modified in accordance 
with the teachingsofthepresentdisclo^ In a preferred embodi ment , the seals 
1340 comprise seals molded from Stratalock epaxy available from Halliburton 
Energy Services in Dallas, TX in order to optimalfyprcrrideahydratiUcsealinthe 
annuhis of the overlapping joint while also creating optimal load bearing capability 

25 to withstand typical tensile and compressive loads. 

Inapreferred embodiment, the seals 1340 are selected to optimally provide 
a sufficient frictional force to support the expanded tubular member 1310 from the 
existing casing 1215. In a preferred embodiment, the frictional force provided by 
the seals 1340 ranges from about 1,000 to 1,000,000 Ibf in order to optimally 

30 support the expanded tubular member 1310. 

The support member 1345 is coupled to the expandable mandrel 1305, 
tubular member 1310, shoe 1315, and seals 1340. The support member 1345 
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prefend* comprii.es an annular member havii* sufficieat stoagth to cany the 
apparatus 1300 into the new aection 1230 of the wdlbore 1200. Inapreferred 
embodiment, the support member 1345 fertl^ 
centralise™ (not illustrated) to help stabilize the tubular member 13 10. 
5 inapreferredembodun^^ 
prior to assembly to the remaining portions of the apparatus 1300. In this 

maW theintroduct»n^ 

This mhumizes the possibility of foreign material clogging the various flow 
parages and valves of the apparatus 13M and to ensure that no foreign mater^ 
10 interferes with the expansion process. 

The wiper phig 1350 is coupled to the mandrel 1806 within the interior 
region 1370 of the tubular member 1310. The wiper phig 1350 includes a fluid 
passage 1375 that is coupled to the fluid passage 1320. The wiper plug 1350 may 
compriaeoneormoreeonventfonmcommercia^ 
15 example, Multiple Stage Cementer latch-down plugs, Omega latch-down plugs or 
three-wiper latch-down plug modified in accordance with the teachings of the 
present disclosure. In a preferred embodiment, the wiper pmg 1360 compnaes a 
Multiple Stage Cementer latch-down plug available from Halliburton Energy 
W Services in Dallas, TX modified in a conventional manner for raleasaole 

20 attachment to the expansion mandrel 1305. 

Inapreferrede«nbc^ment.beforeor after positioning the apparatus 1300 
witMnthenewsection 1230oftheweUbore 1200, a ccmpleofwellbore volumes are 
^ted in order to ensure that no foreign materials are located withm the 
wellbore 1200 that might clog up the various flow passages and valves of the 
25 apparatus 1300 and to ensure that no foreign material interferes with the 

extrusion process. 

AsiUustratedmRg.llc,ahardenabtefluidk 

pumped frum a surface location into the fluid passage 1320. The material 1380 

30 the interior region 1370 of the tubular member 1310 below the expandabfe 
mand rell305. The material 1380 than passes from the interior region 1370 mto 
the fluid passage 1330. The material 1380 then exits the apparatus 1300 vu the 
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fluid passage 1386 and fills the annular region 1390 between the exterior of the 

tubular member 13 10 airi 

1200. Continued pumping of the mafc^ 

at least a portion of the annular region 1390. 

5 The material 1380 may be pumped into the annular region 1390 at 
pressures and flow rates ranging, for exam^ from about 0 to 5000 psi and 0 to 
1,500 gallons/min, respectively. In a preferred em bodim ent , the material 1380 is 
pumped into the annular region 1390 at pressures and flow rates ranging from 
about 0 to 5000 pa and 0 to 1,500 gallons/tain, respedivety.inordertooptimaUy 

10 ffll the annular regionbetween the tubular meml^ 

of the wellbore 1200 with the hardenable fhridic sealing material 1380. 

Thehaidenablefluidic sealing material 1380 may comprise any number of 
conventional commercially available hardenable fluidic sealing materials such as, 
for example, slag mix, cement or epoxy. In a preferred embodiment, the 

15 hardenable fluidic sealing material 1380 comprises blended cements designed 
specifically for the wettsectionbeing drilled and avaflablefiromHalliburton Energy 
Services in order to optimally provide support for the tubular member 1310 during 
displacement of the material 1380 in the annular region 1390. The optimum blend 
of the cement is preferably determined using conventional empirical methods. 

20 The annular region 1390 preferably is filled with the material 1380 in 
suf ficient * p™"fa'ti*« mmire that, upon radial expansion of the tubular member 
1310, the annular region 1390 of the new section 1230 of the wellbore 1200 will be 
filled with material 1380. 

As illustrated in Fig. lid, once the annular region 1390 has been adequately 

25 filled with material 1380, a wiper dart 1395, or other similar device, is introduced 
into the fluid passage 1320. The wiper dart 1395 is preferably pumped througjithe 
fluid passage 1320 by a non hardenable fluidic material 1381. The wiper dart 1395 
then preferably engages the wiper plug 1350. 

As illustrated in Fig. lie, in a preferred embodiment, engagement of the 

30 wiper dart 1395 with the wiper phig 1350 causes the wiper plug 1350 to decouple 
from the mandrel 1305. The wiper dart 1395 and wiper plug 1350 then preferably 
will lodge in the fluid passage 1330, therein blocking fluM flow through the fluid 
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passage 1330, and flnidicry isolating the interior region 1370 of the tubular 
member 1310 from the annular region 1390. In a preferred embodiment, the non 
hsrdenable fluidic material 1381 is then pumped into the interior region 1370 
causing the interior region 1370 to pressurise. Once the interior region 1370 
6 becomes sufficiently pressurized, the tubular member 1310 is extruded off of the 
expandable mandrel 1305. Durmgthe extrusion process, the exi>andabteinaiuirel 
1305 is raised out of the expanded portion of the tubular member 1310 by the 

support member 1345. 

The wiper dart 1395 is preferably placed into the fluid passage 1320 by 
10 introducing the wiper dart 1395 mto the ftttd passage 1320 at a surface bcat^ 
in a conventional maimer. The wiper dart 1395 may eoniprise anynumberof 
conventional coinmercially available devices from pluggmgaflmdpassage suchas, 
for example, Multiple Stage Cementer latch-down plugs, Omega latch-down plugs 
or three wiper latch-down plug/dart modified in accordance with the teachings of 
15 thepreseutdisclosure. ma preferred einbodiment, the wip^ 

a three wiper latch^ovm plug modified to lateh and seal in the Multiple Stage 
Cementer latch down plug 1350. The three wiper latch-down plug is available 
from Halliburton Energy Services in Dallas, TX. 

After blocking the fluid passage 1330 using the wiper plug 1330 and wiper 
20 dart 1395, the non hardenable fluidic material 1381 may be pumped into the 
interior region 1370 at pressures and flow rates ranging, for example, from 
approximately 0 to 5000 psi and 0 to 1,500 gaUons/mm in order to optimally 
extrude the tubular member 1310 off of the mandrel 1305. In this manner, the 
amount of hardenable fluidic material within the interior of the tubular member 

25 lSlOiamnmniaed. 

In a preferred embodiment, after blocking the Quid passage 1330, the non 
hardenable fluidic material 1381 is preferably pumped into the interior region 
1370 at pressures and flowmtesnmgii^from 

40 to 3,000 gaUone/min in order to optimally provide operating pressures to 
30 nuuntam the expanrion process at rates suffirient to p^ 
made in operating parameters during the extrusion process. 



-60- 



For typical tubular members 1310, the extrusion of the tubular member 
1310 off of the expandable mandrel 1305 will begin when the pressure of the 
interior region 1370 reaches, for example, approximately 600 to 9,000 psL In a 
preferred embodiment, the extrusion of the tubular member 1310 off of the 
5 expandable mandrel 1305 is a ftmction of the tubular member diameter, wall 
thickness of the tubular member, geometry of the mandrel the type of lubricant, 
t he composition of the shoe and tubular member, and the yield strength of the 
tubular member. The optimum flow rate and operating pressures are preferably 
determined using conventional empirical methods. 

10 purin g fhA crvfr nrinn praam, thfl expandable mandrel 1305 may be raised 

out of the expanded portion of the tubular member 1310 at rates ranging, for 
example, from about 0 to 5 ft/sec- In a preferred embodiment, during the extrusion 
process, the expandable m*«riTri ifl05 may he raised out of the expanded portion 
of the tubular member 13 1 0 at rates ranging from about 0 to 2 ft/sec in order to 

15 optimally provide an efficient process, optimally permit operator adjustment of 
operation parameters, and ensure optimal completion of the extrusion process 
before curing of the material 1380. 

When the upper end portion 1355 of the tubular member 1310 is extruded 
off of the expandable mandrel 1306, the outer surface of the upper end portion 

20 1355 of the tubular member 1310 will preferably contact the interior surface of the 
lower end portion of the 1215 to form an fluid tight overlapping joint The 
contact pressure of the overlapping joint may range, for example, from 
approximately 50 to 20,000 psL In a preferred embodiment, the contact pressure 
of the overlapping joint ranges from approximately 400 to 10,000 psi in order to 

25 optimally prtrvide contact prrerftnr" mf^nmt tn mmraammk sealing and provide 
enough resistance to withstand typical tenaQe and compressive loads. In a 
particularly preferred embodiment, the sealing members 1340 will ensure an 
adequate fluidic and gaseous seal in the overlapping joint 

In a pr efer red embodiment, the operating pressure and flow rate of the non 

30 hardenable fluidic material 1381 is controllably ramped down when the expandable 
mandrel 1305 reaches the upper end portion 1355 of the tubular member 1310. 
In this manner, the sudden release of pressure caused by the complete extrusion 
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of the tubular member 1310 off of the expandable mandrel 1305 can be minimized 
In a preferred embodiment, the operatmgp 

linear fashion from 100% to about 10% during the end of the extrusion process 
beginning when the mandrel 1305 has completed approximately all but about 5 

5 feet of the extrusion process. 

Mternatrrely f ormcombination,a8hoc^ 
member 1345 in order to absorb the shock caused by the sudden release of 
pressure. 

Alternatively, or in combination, a mandrel catching structure is provided 
10 m the upper end portion 1355 of the tubular memba 

least decelerate the mandrel 1305. 

Once the extrusion process is completed, the expandable mandrel 1305 is 
removedfrom the wellbore 1200. Inapreferred embodiment, dtherbeforeorafto 
the removal of the expandable mandrel 1305, the integrity of the fluidic seal of the 




the lower portion of the casing 1215 is tested using conventional methods. If the 
fluidic seal of the overlapping joint between the upper portion 1355 of the tabular 
member 1310 and the lower portion of the casing 1215 is satisfactory, then the 
uncured portion of the material 1380 within the expanded tubular member 1310 
20 iathenrenWinaconventionalmanner. The material 1380 wrthm the aiundar 

region 1390 is then allowed to cure. 

As illustrated in Fig. llf, preferably any remaining cured material 1380 
within the interior of the expanded tubular member 1310 is then removed in a 
conventional manner using a conventional drill string. The resulting new section 
25 of casing 1400 includes the expanded tubular member 1310 and an outer annular 
layer 1405 of cured material 305. The bottom portion of the apparatus 1300 
comprisingtheshoe 1315may then oeremovedby drillingouttbn shoe 1315 using 

conventional drilling methods. 

A method of creating a casing in a borehole located in a subterranean 

30 formattonhaabeendescri^ 

in the borehole. A body of fluidic material is then injected into the borehole. The 
tubular liner is then radially expanded by extruding the liner off of the mandreL 
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The injecting preferably includes injecting a hardenable fhiidic sealing material 
into an «wmi«r region located between the borehole and the exterior of the 
tubular liner, and anon hardenaWe fluidic material into ^ region of the 

tubular liner below the mandreL The method preferably includes fluididy 
5 isolating the annular regkn fi^m the interfer region befo^ injecting the second 
quantity of the nan hardenable sealing material into the interior region. The 
injecting the hardeoahle fhiidic sealing material is preferably provided at 
operating pressures and flow rates ranging from about 0 to 5000 psi and 0 to 1,500 
gallons/min. The injecting of the non hardenable fluidic material is preferably 
10 provide at operating pressure 

and 40 to 3,000 gallons/min. The injecting of the non hnrrienahle fluidic material 
is preferably provided at reduced opera 

portion of the extruding. The non hardenable fluidic material is preferably 
injected below the mandreL The method pi^erably indud^ pressurizing a region 

15 ofthe tubular liner below the mandreL Theregmnof the tubular liner bebw the 
mandrel is preferably pressurized to pressures rangingnwab<mt 500 to 9,000 psi. 
The method preferably includes flnidicly isolating an interior region ofthe tubular 
liner from an exterior region ofthe tubular liner. The method further prefer^ 
includes curing the hardenahte sealing material, aM 

20 ofthe cimH f™img™rt»nal located withm the tnbnlar liner. The method further 
preferably includes o verl appi ng the tubular liner with an existing weHbore casing. 
The method further preferably includes sealing the overlap between the tubular 
liner and the existing wellbore casing. The method further preferably includes 
suppor ting the extruded tubular liner using the overlap with the existing wellbore 

25 casing. The method further preferably mdude^ 

the overlap between the tubular liner and the existing wellbore casing. The 
method further preferably includes removing at least a portion of the hardenable 
fhiidic sealing material within the tubular liner before curing. The method further 
preferably includes lubricating the surface ofthe mandreL The method further 

30 preferably includes absorbing shock, The method further preferably includes 
catching the mandrel upon the completion of the extruding. 
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AnapparaWorcreatingacasingm^^ 
formation has been described that includes a Bupport member, a mandrel, a 
tubular member, and a ahoe. The support member includes a first fluid passage. 

Themandxdiacoupledto^ 
5 ThetubularmemberisccnpledtothemandreL Th^ ehne is coupled to the tubular 

UneraiKlmdudeaathirdfiuid passage. The first, second and third fluid passages 

areoperably coupled. The support member preferably further bKludes. pressure 

rehef passage, and a flow control valve coupled to the first fluid passage and the 

pressure relief passage- The support member further preferably includes a shock 

10 absorber. The support member preferably inc^ 

adaptedtopreventforeign 

menber . The mandrel is preferably expandable. The tubular member » 
preferably fabricated^ 

CountxyTubul^Goods.lSchren^ ^ 
15 tubular member preferably has inner and outer diameters ranging torn about 3 
to 15 5 inches and 3.5 to 16 inches, respectively. The tubular member preferably 
has a plastic yield point ranging from about 40,000 to 135,000 psi. The tubular 
n^ember preferably includes one or more sealing members at an end porfcon. The 
tubular member preferably includes one or more pressure relief holes at an end 
20 portion. The tubuhu- member preferably inchides . «tclu^»en^at »end 
portionforslowingdownthe mandrel. The*oe preferebl, inctadeaan^port 
coupled to the third fluid passage, the inlet port adapted to receive a plug for 
blocking the inlet port. The shoe preferably is driUable. 
Amethodofjofoingasecondt^ 
25 first tubular member havinganinn^ 

the second tubular member, has been described that includes positdonrng a 
within aninterior region of the second tubular member, portioning the 
first and second tubular members in an overlapping relationship, pressurismg a 
portion of the interior region of the second tubular member, and extrudmg the 
30 second tubular member off ofthemandrelmtoen^ 

me mber. The pressuriring of the portion of the interior region of the second 
tubular member is prefer 
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500 to 9,000 psL The pressurising of the portion of the interior region of the 
second tabular member is preferably provided at reduced operating pressures 
during a latter portion of the extruding. He method further preferably includes 
sealing the overlap between the first and second tubular members. The method 
5 further preferably includes supporting the extruded first tubular member using 
the overlap with the second tubular member. The method further preferably 
includes lubricating the surface of the mandreL The method farther preferably 

includes absorbing shock. 

A lino- for use in creatinga new section of weDbore casing ina subterranean 
10 formation adjacent to an already existing section of weDbore casing has been 
described that includes an annular member. The annular member includes one or 
mtTrP sealingmembere «t an and portion of t he annular member, and one or more 
pressure relief passages at an end portion of the annular member. 

A wellbore casing has been described that includes a tubular liner and an 
15 amiularbody of acuredfluidic spalingmatmaL The tubular liner is formed by the 
process of extruding the tubular liner off of a mandreL The tubular liner is 



the weDbore, and pressurizing an interior portion of the tubular liner. The 
annular body of the cured ftaidic sealing material is preferably formed by the 

20 process of injecting a body of haidenable ftaidic sealing mater^ 
region external of the tubularly During the pressurizing 
of the tubular liner is preferably fluididy isolated from an exterior portion of the 
tubular liner. The interior portion of the tubular liner is preferably pressurized 
to pressures ranging from about 500 to 9,000 psL The tubular liner preferably 

25 overlaps with an existing wellbore casing. The wellbore casing preferably further 
includes a seal positioned in the overlap between the tubular liner and the existing 
wellbore casing. Tubular liner is preferably su pp o rt e d the overlap with the 
existing wellbore casing. 

A method of repairing an existing section of a wellbore casing within a 

30 borehole has been described that includes installing a tubular liner and a mandrel 
within the wellbore casing, injecting a body ofafhiidic material into the borehole, 
pressurizing a portion of an interior region of the tubular liner, and radially 
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expanding the liner in the borehole by extruding the to^ 1x1 
a preferred embodiment, the fluidkinate^ 

of Blag mix, cement, drilling mud, and epoiy. In a preferred embodiment, the 
method further includes Quidich/ isolating an interior region of the tubular liner 
5 from an exterior region of the tabular liner. In a preferred embodiment, the 
hqectmgrfthebc^cflhnmc 

rates ranging from about 500 to 9,000 psi and 40 to 3,000 galtons/min. In a 
preferred embodiment, the injecting of the body of fluidic material is provided at 
reducedoperatmgpreasuresandflowrateadur^ 
10 In apre^ embodiment, the fluidic material ia in^Detow the mandreL In 
a purred endxrfmumt, a regkm to 

pressurized. In a preferred enmcdiment, the region rftbe tubular liner the 
mandrel is preasurued to pressures rangmg from about 500 to Ina 
preferred embodiment, the method further includes overlapping the tulmlar liner 

15 withtheexisttogwellbore 

includes sealing the interface between the tubular liner and the existing wellbore 
casing. In a preferred enuxxiimeiit, the method further includes supporting the 
extruded tubular liner using the existing wellbore casing. In a preferred 
embodiment, the method further 
20 interface between the tubular liner and the existing wellbore casing. In a 
preferred embodiment, method further includes lubricating the surface of the 
mandrel In a preferred embodiment, the method further includes abaorbmg 
shock. In a preferred enmodiment, the method further includes catching the 
mandrel upon the completion of the extruding. In a preferred embodiment, the 
25 method further includes expanding the mandrel in a radial direction. 

A tie-back liner for lining an existing wellbore casing has been described 
that includes a tubular liner and an annular bcdy of a cured fluidic sealing 
material. The tubular liner is formed by the p^rf«i™4taf1i»t«^lto« 
offofamandreL Tbe annular body of a cured ftaidk 
30 to the tubular liner. Ina preferred embodiment, the tubular br« is formed by the 
process of placing the tubular liner and mandrel within the wellbore, and 
pressurizing an interior portion of the tubular liner, ma preferred embodiment, 
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ift^n g th<*pr P«CTiT i»TTift th* mtmnr pm-trnn of the tubolar liner is fhiidicry isolated 
from an exterior portion of the tubular liner. In a preferred embodiment! the 
interior portion of the tubular lfa«r is pressurized at pressures ranging from about 
500 to 9,000 psL In a preferred embodiment, the Annular body of a cured ffuidic 
5 sealing material is fanned by 

sealing material into an annular region between the existing weUbore casing and 
the tubular liner. In a preferred embodiment, the tubular liner overlaps with 
another existing wellbore casing. In a preferred embodiment, the tie-back liner 
further includes a seal positioned in the overlap between the tubular liner and the 

10 other existing wellbore casing. In a preferred embodiment, tubular liner is 
supported by the overlap with the other existing wellbore casing. 

An apparatus for expanding a tubular member has been described that 
includes a support member, a mandrel, a tubular member, and a shoe. The 
support member includes a first fluid passage. The mandrel is coupled to the 

15 support member. The mandrel includes a second fluid passage operably coupled 
to the first fluid passage, an interior portion, and an exterior portion. The interior 
portion of the mandrel is drillable. The tubular member is coupled to the mandrel 
The shoe is coupled to the tubular member. The shoe includes a third fluid 
passage operably coupled to the second fluid passage, an interior portion, and an 

20 exterior portion. The interior portion of the shoe is drillable. Preferably, the 
interior portion of the mandrel includes a tubular member and a load bearing 
member. Preferably, the load bearing member comprises a drillable body. 
Preferably, the interior portion of the shoe includes a tubular member, and a load 
bearing member. Preferably, the load bearing member comprises a drillable body. 
Preferably, the exterior portion of the mandrel comprises an expansion cone. 
Preferably, the expansion cone is fabricated from materials selected from the group 
consisting of tool steel, titanium, and ceramic Preferably, the expansion cone has 
a surface hardness ranging from about 58 to 62 Rockwell C. Preferably at least a 
portion of the apparatus is drillable. 

Although illustrative embodiments of the invention have been shown and 
described, a wide range of modification, changes and substitution is contemplated 
in the foregoing disclosure. In some instances, some features of the present 
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mvention may be employed without a corresponding use of the other features. 
AcoordmgJy.it is appropriate that the appended cla^ 
in a manner consistent with the scope of the invention. 
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11. A method of creating a casing in a borehole located in a subterranean 

2 formation, comprising: 

3 installing a tubular liner and a mandrel in the borehole; 

4 injecting flnidic material into the borehole; 

5 pressurizing a portion of an interior region of the tubular liner, and 

6 radially expanding at least a portion of the liner in the borehole by 

7 extruding at least a portion of the liner off of the mandreL 

12. A method of creating a casing in a borehole located in a section of a 

2 subterranean formation, the borehole having an already existing casing, 

3 comprising: 

4 drilling out a new section of the borehole adjacent to the already existing 
6 casing 

6 p lacing a tubular liner and an expandable mandrel into the new section of 

7 the borehole; 

8 overlapping the tubular liner with the already existing casing; 

9 iqjecting a hardenable fhudic sealing material into an annular region 

10 between the tubular liner and the new section of the borehole; 

11 fluidicly isolating the annular region between the tubular 

12 section of the borehole from an interior region of the tubular liner 

13 below the mandrel; 

14 inje ct in g a nan hardenable fluidic material into the interior region of the 

15 tubular liner below the mandrel; 

16 extr uding tV» fcib^fr* liner off of the «*i*a"HnhU» mandrel; 

17 sealing the overlap between the tubular liner and the already existing 

18 casing, 

19 supporting the tubular liner with the overlap with the already existing 

20 casing; 

21 removing the mandrel from the borehole; 



22 testing the integrity 

23 the already existing casing; 

24 removingat least aportion of tte 

25 the interior of the tubular liner, 

26 curing the remaining portions of the fluidic hardenable lluidic sealing 

27 material; and 

28 removing at least a portion of the cured fluidic hardenable sealing material 

29 within the tabular liner. 

1 3. An apparatus for expanding a tabular member, c omprising : 

2 a support tt*™^, *hfl support member in cludin g a first fluid passage; 

3 a mandrel coupled to the support member, the mandrel including: 

4 a second fluid passage; 

5 a tubular member coupled to the mandrel; and 

6 a shoe coupled to the tubular liner, the shoe includinga third fhrid passage; 

7 wherein the first, second and third fluid passages are operably coupled. 

1 4. An apparatus for expanding a tubular member, comprising: 

2 a support member, the support meaaber including: 

3 a first fluid passage; 

4 a second fluid passage; and 

5 a flow control valve coupled to the first and second fluid passages; 

6 an expandable mandrel coupled to the support member, the expandable 

7 mandrel including a third fluid passage coupled to the first fluid 

8 passage; 

9 a tubular member coupled to the mandrel, the tubular member inchiding 

10 one or more sealing dements; 

11 a shoe coupled to the tubular member, the shoe inchiding: 

12 a fourth fluid passage coupled to the third fluid passage, the fourth 

13 fluid passage adapted to receive a stop member, and 

14 one or more exhaust passages coupled to the fourth fh^ 

15 injecting fluidic material outside of the shoe; and 
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16 at least one sealing member coupled to the support member, the sealing 

17 member adapted to prevent the entry of foreign material into an 

18 interior region of the tubular member. 

1 5. A method of joining a second tubular member to a first tubular member, the 

2 first tubular member having an inner diameter greater than an outer diame ter of 

3 the second tubular member, comprising: 

4 positioning a mandrel within an interior region of the second tubular 

5 member; 

6 pressuriringaportion of the interior regkm of the second tubular mem^ 

7 and 

8 extruding the second tubular member off of the mandrel into engagement 

9 with the first tubular member. 

1 6. A tubular liner, comprising: 

2 an annular m*mhep t th* annular wwnhfr including: 

3 one or more sealing members at an end portion of the annular 

4 member; and 

5 one or more pressure relief passages at an end portion of the annular 

6 member. 

17. A wellbore casing, comprising: 

2 a tubular liner, the tubular liner formed by the process of: 

3 extruding the tubular liner off of a mand rel; and 

4 an annular body of a cured ihzidic sealing material coupled to the tubular 

5 lin er . 

1 8. A tie-back liner for lining an existing wellbore casing, comprising: 

2 a tubular liner, the tubular liner formed by the process of: 

3 extruding at least a portion of the tubular liner off of a mandr el; and 

4 an annular body of a cured fluidic sealing material coupled to the tubular 

5 liner. 
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1 9. An apparatus for expanding a tubular member, comprising: 

2 a support member including a first fluid passage; 

3 a mandrel coupled to the support member, the mandrel including: 

4 a second fluid passage operably coupled to the first fluid passage; 

5 an interior portion; and 

6 an exterior portion; 

7 wherein the interior portion of the mandrel is drillable; 

8 an expandable tubular member coupled to the mandrel; and 

9 a shoe coupled to the tubular member, the shoe including: 

10 a third fluid passage operably coupled to the second fluid passage; 

11 an interior portion; and 

12 an exterior portion; 

13 wherein the interior portion of the shoe is drillable. 
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